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Effects of limestone soils on plant distribution in the Garnet 
Mountains, Montana (115 pp.) 
Soils derived from limestone, granitic, and quartzitic substrates 
and the vegetation which they support were studied to determine suid 
describe smy differences in soil, plant, and stand characteristics 
on limestone €is compared to non-limestone materials. The study 
area, located in the Garnet Mountains near Garnet, Montana, lies 
between lU60 and 2090 meters above sea level. 
The soils were described and analyzed by steuidard soil sxorvey 
procedures, and the vegetation by coverage classes. The Student's 
t and analysis of variance tests were utilized to determine the 
differences in coverage by species and soil nutrient levels on 
each soil material. 
The soils derived from limestone bedrock exhibited physiceil and 
chemical properties and supported plant comm\mities which were 
quite distinctive from those over granitic and quartzitic parent 
materials. In comparison to soils over granite and quartzite, 
those derived from limestone were more calcareous and much more 
alkaline. They had significantly higher calciiim and lower phos­
phate contents, higher permeuient wilting percentages, finer tex-
tiores, and significantly thinner organic horizons. 
On limestone soils, the overstory was comtiosed almost exclu­
sively of Pseudotsuga menziesii(Mirbel) Franco. The distribution 
Pin^s contorta Dougi., which was abundant on both grsmite and 
queurtzite, was severely restricted on limestone except where soil 
moisture was high enough, as a result of soil, topographic, or 
climatic inputs, to compensate for the droughty nattire of these 
latter soils. 
Shrubs, particularly those of the Ericaceae, provided negligible 
cover in the pleuit communities over limestone bedrock while forb 
and graminoid species were diverse and abiindant. This situation 
was Just the reverse on granite-derived soils. 
Director: Thomas J. Wimlos 
ii 
TABLE OF CONTENTS 
Pajre 
ABSTRACT ii 
LIST OF ILLUSTRATIONS vi 
LIST OF TABLES vii 
ACKNOWLEDGEMENTS vili 
Chapter 
I. INTRODUCTION 1 
Objectives 2 
Literatiire review 2 
Parent material-soils interactions 2 
Parent material-vegetation interactions 8 
Introduction 8 
Soil physical factors 10 
Soil chemical effects 10 
Effects of a species' calcium requirement. . . 13 
Effects of soil moisture I't 
Effects of limestone bedrock on plant 
productivity 15 
Regional plant distribution on limestone soils. . l6 
Humid United States l6 
Europe l8 
Tropics 20 
Semi-arid and arid United States 21 
Effects of limestone soils on tree distribution: 
contorta versus Pseudotsuga menziesii 
in particular 21 
Effects of parent material on altitudinal plant 
distribution 23 
Ecotypes caused by parent material 25 
Description of the study area 26 
Location and physiographic setting 26 
Geology 26 
Climate 26 
Soils 28 
Vegetations! pattern 31 
Resources 32 
iii 
Chapter 
II. METHODS 33 
Plot establishment 33 
Field procedures 3U 
Vegetation. 3^ 
Soils 36 
Description 36 
Chemiced analysis 36 
Moisture aneJ-ysis 3T 
Mineralogy 37 
Office procedures 38 
Statistical analysis 38 
Ordination of stands 39 
III. RESULTS ho 
Soils ho 
Introduction '•O 
Morphology ^0 
Limestone ^+0 
Greuaite ^3 
Quartzite 
Chemistry ^6 
Clay mineralogy 51 
Rock analysis 51 
Moisture analysis 5^ 
Soil moisture effects 59 
Vegetation 6l 
Introduction 6l 
Limestone 62 
Granite 66 
Quartzite 6? 
Summary 68 
Stsind characteristics 69 
Basal area 69 
Site index 70 
Ordination of stands 70 
IV. DISCUSSION 81 
Soils 81 
Soils - vegetation interaction 82 
Vegetation 83 
Recommendations 86 
Management implications 87 
Timber 88 
Livestock 89 
Wildlife 89 
Hydrology 90 
iv 
Chapter 
V. SWMARY 91 
LITERATURE CITED 93 
APPEI-roiX A 102 
APPEIIDIX B 108 
APPEI^DIX C . Ill 
APPENDIX D 113 
V 
LIST OF ILLUSTRATIONS 
Figvire 
1. 
2a. 
2b. 
3. 
h. 
5. 
6 .  
7. 
8. 
Plate 
I. 
II. 
Map of the study area 27 
The changes in soil moisture at various depths in 
soils derived from granite, limestone, and quartz-
ite on south aspects in the Garnet Mountains, 
Montana 55 
The changes in soil moisture at various depths in 
soils derived from granite, limestone, suid quartz-
ite on north aspects in the Garnet Mountains, 
Montana 56 
Daily precipitation in centimeters for summer, 1975 
at the Greenough Post Office 58 
One-dimensional ordination of coverage classes for 
important species on soils derived from limestone, 
granite, and quartzite in the Garnet Momtains, 
Montana 72 
Ordination of stands on soils derived from limestone, 
granite, and quartzite in the Garnet Mountains, 
Montsma 73 
Ordination of hahitat types on soils derived from 
limestone, granite, and quartzite in the Garnet 
Mountains, Montana 71+ 
Ordination of individual species in stands on soils 
derived from limestone, granite, and quartzite 
in the Garnet Moxintains, Montana 76-79 
Ordination of soil surface mineral horizons in soils 
derived from limestone, granite, and quartzite 
in the Gamet Mountains, Montana 80 
Typical soil profile derived from limestone bedrock 
in the Gamet Momtains, Montana ^2 
Typical vegetational structure overlying limestone 
bedrock in the Garnet Moxintains, Montana 65 
vi 
LIST OF TABLES 
1. Average monthly air temperature at the Greenough 
Post Office in degrees centigrade 29 
2. Monthly precipitation at the Greenough Post Office 
in centimeters 29 
3. Average summer air temperature by month at Garnet, 
Montana in degrees centigrade 30 
Summer, 19T5 precipitation by month at Garnet, 
Montana in centimeters 30 
5. S\unmary of key soil morphological features of limestone, 
granitic, and quartzitic soils U7 
6. Nutrient levels by substrate and aspect (t-test at 
95$ level) It9 
7. Oxide composition of three groups of granitic rocks, 
limestone, and sandstone 53 
8. Relative and avereige cemopy coverage of importajit 
species, including t-statistic, by substrate in 
the Garnet Motmtains, Montana 63 
9. Habitat type distribution on soils derived from lime­
stone, granite, and quartzite in the Garnet Moun­
tains, Montaxia 6U 
10. Relative coverage, average coverage, and species 
diversity according to life form on soils derived 
from limestone, granite, and quartzite in the 
Garnet Mountains, Montana 6U 
11. Comparison of prominent topographic, soils, and vege-
tational features of ad.jacent plots on soils de­
rived from limestone and granite near Coloma, 
Montana 85 
vii 
ACMOWLEDGEMENTS 
I wish to express appreciation emd indebtedness to several 
persons who provided the inspiration for the production of this thesis. 
I want to thank Dr. Thomas J. Nimlos, whose humor and encouragement 
made this work as much fun as it was productive. Thanks are extended 
to the other members of ray committee. Dr. Hellie M. Stark, Dr. Stephen 
F. Amo, and Dr. James R. Habeck, for their interest and concern and 
for providing the impetus for making this the first of hopefully many 
resesurch projects, friendship with Ralph G. Dunmire, retired soil 
scientist who helped with the soil description, will always be treas­
ured. I wish to express my appreciation to each of these people for 
their suggestions and critical review of this thesis. My sincere 
thanks go to Herb Holdorf for his many suggestions and ideas. Herb 
provided many of the observations and theories which are expressed 
in this paper. I thank him for allowing me to use these. 
Particular thanks axe expressed to Dr. Robert F. Wambach as 
Director of the Montana Forest and Conservation Experiment Station 
who expressed personal interest in and provided the support for this 
project. I also thank Dr. Harold Bockemuehl for his assistance in 
the production of the map, Mr. Larry Williams for his help in the 
rock analysis. Miss Jean Kettler for running the clay mineralogical 
viii 
analysis, Mr. Peter F. Stickney for his help in the plant identifica­
tion, Mr. James Charlton of the Chateau Blanc Corporation for the 
housing he provided in Ggurnet, and Mr. Darrell Sail of the Bureau of 
Land Management for his general assistance. Dr. Hans Zuuring deserves 
thanks for his humor and congeniality and his unceasing dedication to 
his work in the adjacent office which kept me devoted to mine. 
ix 
CHAPTER I 
INTRODUCTION 
Soil and the parent material from which it formed can have a 
profoiind influence in determininc; vegetation type and successional 
pattern. These, in turn, consequently affect germination, svirvival, 
growth, Eind dominance of a plant species. Knowledge of the relation­
ship between successional patterns smd distribution of species com­
pared with the iinderlying soil morphology and parent material can im­
prove the management of natural vegetation. The soil-vegetation-
parent material relationships may directly affect the following: 
1) silvicultural prescriptions (particularly the capability of a 
species to survive, grow, and reproduce), 2) wildlife management 
(availability of browse species), 3) hydrologic mansigement (presence 
of perennial streams emd the chemical content of these streams), 
h) ecology (successional patterns and plant distribution and abundance), 
and 5) soils (mapping of soil types, suitability for agriculture, 
grazing or timber). 
The vegetation and soils developed in a given ecosystem have 
long been recognized to be influenced by the soil parent material. 
Chemical, physical, or moisture factors, singly or in combination, 
may be involved. The unique physical and chemical properties of 
soils formed in limestone bedrock are a result of the high base 
1 
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saturation and high calcixm content of this rock type, its tendency to 
produce alkaline soils, eind its solubility in weak acids. Because of 
the prevalence of this special substrate in Montana and in the United 
States, it is important to understand how the forces exerted on plants 
and soils by this parent material compare to those caused by other 
materials. 
Ob.jectives 
The objectives of this study were the following: l) to discover 
if discernible differences existed in soil physical and chemical proper­
ties , plant communities, and timber stand characteristics on limestone 
substrates as compared to surrounding non-limestone materials (which, 
for this study, were granite and quartzite), 2) to describe the soil-
plant interactions on these substrates, and 3) to discover if such 
differences were generally predictable based on the nature of the parent 
material. The more specific purpose of this research was to determine 
if a significant difference existed in the distribution of Pinus contorta 
Dougl. and shrubs of the Ericaceae which have been observed^ to be re­
stricted from limestone soils.^ 
Literature Review 
Parent material-Soils Interactions 
An analysis of the interaction between the parent material of a 
^Lee E. Eddleman, Professor of Range Management, University of 
Montana, Missoula, personal communication. 
^For the sake of brevity, the following expressions will be con­
sidered synonymous in this report: soils derived from limestone bedrock, 
limestone soils, limestone-derived soils. 
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soil and the resulting vegetation is partially dependent on an under­
standing of the effects which the parent material has on a soil's devel­
opment and physical emd chemical attributes. Limestone parent materials 
have a particularly significaJit influence on the morphology of soils and 
landforms due to their high base saturation, tendency to produce alka­
line soils, and solubility in weak acids. 
As one of the principal soil-forming factors cited by the Rus­
sian pioneers in pedology, parent material plays an important role in 
the rate of profile development and in the physical and chemical proper­
ties of the soil formed. Profile development is more rapid in materials, 
such as granites, that are permeable and depauperate in bases than in 
less permeable materials, such as limestones, which contain large 
amounts of bases. The soil is strongly determined by its texture and 
its nutrient content. Ihe textyre, in turn, influences to ^Ijirgfi^^^as-
ure the depth of the soil eind its capabilities for nutrient leaching. 
The kind and abundance of nutrients can affect pH and flocculation and, 
thus, the amount of clay and hiunus movement and the buildup of organic 
matter. The differentiation effects of parent material are most pro­
nounced in yoxing or immature soils such as those in forests (Buol et 
al., 19T3). 
The lithological characteristics of the parent material are 
important to the soil-forming process due to the differential resistance 
of the minerals to weathering and the release of different kinds and 
quantities of nutrients. The nature of the soil developed from lime­
stone, which is greater than fifty percent carbonate by definition 
(Buol et al., 1973), is related to the amount and kind of impurities in 
1» 
the rock. These contaminants, in turn, affect the soil's depth, porosity, 
eoid water-holdinj? capabilities, If the limestone is rich in clay, then 
clayey and impermeable soils are the result. Due to the low rate of 
leaching through these dense soils, they ordinarily are not highly 
leached and are high in pH and base saturation. If the limestone is 
rich in sand and chert, allowing the calcareous materials to be leached, 
the soils tend to be coarse loamy, gravelly, acidic, and low in base 
status (Buol et al., 1973). 
Limestone soils are not necessarily calcareous, particularly 
when chemical weathering of impure limestone has reached an advanced 
stage (Lutz and Chandler, 19^6). A calcareous soil is defined as one 
containing sufficient free calci\im carbonate or calcium-magnesium car­
bonate to effervesce visibly when treated with cold 0.1 hydrochloric 
acid (Soil Science Society of America, 1975). 'Ihis pedologic calcium 
carbonate is precipitated when leaching water carries calcium bicarbon­
ate downward to a certain depth where the water is removed by roots or 
is evaporated (Jackson, I96U). From a soil fertility viewpoint, a 
calcareous soil has been thought of as containing eight to ten percent 
calcium carbonate, which is the level at which micronutrient deficien­
cies , lime-induced chlorosis, and phosphate fixation become apparent 
(Hilal et al., 1973). 
Calcareous rocks include different varieties of limestone. 
Limestone is usually composed of the mineral calcite, or its isomer 
aragonite, mixed with different amotints of clay. Magnesium limestone 
is a mixture of clay with both calcite and dolomite. Cherty limestone 
is limestone with embedded fine grains, lenses, or strata of chert or 
5 
flint. Chalk is a crumbly liinestone composed of microscopic shells. 
Because of the variable quality of the parent material, soils derived 
from limestone are more variable than those formed from any other kind 
of rock (Lutz and Chemdler, 19U6). The impurities in the limestone (the 
non-calcium or non-magnesium carbonates) may consequently determine many 
of the characteristics of the soil that develops. 
Since calcium carbonate is soluble in water, particularly in 
water rich in carbon dioxide, pure limestone is easily weathered and 
the clay residue forms deep heavy soils. The greater the partial pres­
sure of carbon dioxide in the system, the more soluble the limestone 
(Seatz and Peterson, I96U). The admixture of other materials, such as 
dolomite, chert, or chalk, greatly modifies the weathering properties 
of limestone and the fertility of the resulting soils, although their 
fertility is generally proportional to the amount of clay in the parent 
material. Dolomitic and cherty limestones weather slowly and produce 
stony, gravelly, or somewhat sandy soils (Wilde, 19^2). In humid re­
gions many limestone soils are highly fertile especially when formed 
from limestones containing moderate proportions of clay materials, which 
weather to deep clay or clay loam soils with good underdrainage. 
In general, soils derived from limestone bedrock in the moun­
tains of Montajia are fine-textured, moderately shallow, fertile, with 
good water-holding capacity. These are in contrast with greuiitic soils, 
which are coarse-textxired and moderately deep with low fertility and low 
water-holding capacity, and with soils derived from quartzite which are 
coarse-textured, very stony, very shallow, and very infertile with very 
low water-holding capacity (Nimlos and Goldin, 1976). The infiltration 
6 
capacity on these soils decreases from limestone through igneous to 
sedimentary rock (Woodward, IP'^S). 
Moistxire relationships in soils derived from limestone are some­
times unfavorable as a result of rapid drainage of water down cracks and 
cavities caused by solution of the calcium carbonate, particularly in 
shallow soils (Dengler, 1935, as reported by Lutz and Chandler, 19^6). 
In these areas the ground water level commonly lies at considerable 
depths below the surface. The presence of the free cedcium carbonate 
salts in the soil may lead to an increase in osmotic pressure, dimin­
ishing the ability of the plant roots to obtain water suid reducing the 
moisture availability more than is indicated by the bare moisture con­
tents. ̂ However, the solubility of the calcixm carbonate may not be 
sufficiently high to effect the osmotic stress.'* Further work is, 
therefore, needed to determine the exact effects of the carbonate salts 
on moisture availability. 
Laboratory experiments (Jenny and Shade, 193^, as reported by 
Jenny, 19^1) have demonstrated that calcium carbonate has a pronounced 
effect on the exchange of the monovalent ions sodium and potassium. 
Calcium enhances the release of these ions (especially sodium) and, in 
addition, reduces their readsorption because of effective competition. 
Jenny (1931) tested this calciim exchange •orincipal to determine if it 
operated in nature by analyzing podzolized soils from humid temperate 
^Thomas J. Himlos, Professor of Soil Science, University of 
Montana, Missovila, personal communication. 
^Hayden Ferguson, Professor of Soil Science, Montana State 
University, Bozeman, personal commtinication. 
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and cold regions. The soils were grouped into two classes according to 
the presence or absence of calcium carbonate in the parent material. In 
each soil profile the leaching factor ̂  was calculated where ̂  equals 
the amount of in the leached horizon divided by the amotmt 
AI2O3 
of X in the parent material. The effect of the parent material was 
clearly manifested, especieJ-ly in the case of limestones versus igneous 
and metamorphic rocks. Here, the ̂  values corresponding to the highest 
peaks in the frequency versus ̂  curves were 0.30 and O.8O respectively, 
strongly suggesting enhanced leaching due to calcitun carbonate. This 
was also revealed in the significantly lower ̂  values in the materials 
with calcium carbonate theui in the materials without calcium carbonate. 
Parent material, due to its effects on depth, porosity, and 
chemical properties, is a principal agent in the determination of the 
time necessfliry for the development of a soil. The formation of soils 
from limestone materials is generally very slow because 90 to 95 percent 
of the parent material can be composed of calcium and magnesium carbon­
ates, which, over time, dissolve out of the soil and are leached away. 
With only five to ten percent of the original rock remaining after the 
removed of the carbonate fraction, it takes a tremendously long time to 
develop a soil. This inverse relationship between high lime content and 
thick solum has been observed frequently in soils, particularly in grass­
lands (Ehrlich et al., 1955). 
The density of the limestone rock will influence the time re­
quired for soil formation. Where the parent material is dense, the soil 
forms very slowly; but in porous limestone, such as chalk, marl, or 
coral rock, disintegration is rapid and the soils are formed faster 
8 
theoi the bases are leached out. This gives rise to the alkaline re­
action of these soils (Berger, 1965). 
There is a tendency for limestone materials to resist the normal 
climate-forming process and to form azonal soils in various climates, in 
the tropics as well as in the temperate regions. Under identical cli­
matic conditions, soils derived from limestone appear darker and usually-
richer in organic carbon than the non-limestone soils. As the limestone 
weathers, it releases abundant calcitim ions, which neutralize the humic 
acids, coagulate the humus colloids and, thus, prevent their dispersion 
and subsequent removal. Leaching effects are, thereby, much reduced. 
The high bsise content of carbonate rocks tends to maintain the original 
alkaline reaction and inhibits the leaching of salts and colloids and, 
thereby, the process of development. As a result, limestone parent 
materials develop into azonal soils which differ in their profile 
features from the regional soils formed on non-limestone rocks. 
Peorent Material-Vegetation Interactions 
Introduction. In some areas the influence of the parent material 
is sufficiently profound as to cause differences in vegetal cover and 
growth rates between adjacent soils formed from different rocks. This 
has been shown to be particularly evident in serpentine and limestone 
soils in contrast to soils formed from acid rocks, such as granite. The 
causes are a combination of chemical, physical, and biological effects 
on soils and soil organisms (Read, 1952; Whittaker et al., 195^+; and 
others). The majority of investigations on the effects of limestone 
1irent materials on vegetation have been undertaken in the arid areas 
of the Southwest and the htmid areas of the eastern United States and 
9 
Europe. To the author's knowledge, no published studies have been 
conducted in the moxmtain areas of Montsuia below the alpine zone. 
Ihe distribution of species as a result of soil preferences has 
been studied since linger (I836) and Kerner (I863) described distinct 
vegetation on different gneissic and limestone substrates in the eastern 
Alps. In 1865 Nageli determined the distribution of calcicolous species 
(those generally found growing in soils rich in calcium carbonate) and 
calcifugous species (plants growing in soils with low calcium carbonate 
content) on contrasting soils (Tansley, 1917). Similar work was mder-
taken by Pernald (1907), who studied restrictions of certain alpine 
plants to particxilar substrates in eastern North America (Bamberg and 
Major, 1968). Later American studies of, for example. Billings (1950); 
Gates, Stoddart, and Cook (1956); Thatcher (1959); Whittaker (i960); 
Box (1961); Habeck (1961); Wells (1962); and Bamberg aind Major (1968 
with further references) and many others have shown striking correlations 
of vegetation and soils with geological substrates. The effects of chem> 
ical and physical factors, soil moisture content, and the calcium re-
guir«iient of species have been reported to be some of the possible 
causes for these differences. The reasons for different species toler­
ances of limestone and non-limestone soils, however, are complex and 
incompletely understood. 
Plauit competition was described by Tansley (1917) to affect 
distribution through the direct suppression of the shoots of one species 
by the more vigorous species which is growing on its preferred soil. 
These effects, however, may be more upon growth theui upon numbers 
(Rorison, I96O). 
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Soil physical factors. Differences in soil physical properties 
and certain morphological features within a climatic area can result in 
differences in the pattern and composition of the climax vegetation 
(Billings, 1950). These factors, rather than the level of soil nutrients, 
have been found in forested areas to be more importsmt in the prediction 
of forest growth, although physical and chemical properties are closely 
interrelated (Einspahr and McComb, 1951; Box, 1961). Physical factors 
affecting soils over fine-textured limestone substrates include high 
soil instability due to frost action and soil movement since they hold 
more water than comparable sites on coarse-textured materials. They 
€u:e more pervious in the substratum and better structured in the solum 
so they contain less total water with its high heat capacity than neigh­
boring soils on acidic parent materials (Bamberg and Major, 1968). 
Lower total water may ireult from the inability of permeable limestone 
bedrock to retain free water in the solum after snowmelt.^ 
Soil chemical effects. The availability of certain nutrients 
and the antagonistic effects of calcium can have profound effects on 
vegetational growth and distribution. Within certain limits, the low 
productivity of alkaline soils is caused by the unavailability of cer­
tain nutrients, especially phosphorus, due to soil properties, micro­
organisms, or the destructive activity of parasites (Wilde, 195^). 
Phosphate deficiency on limestone soils is primarily a result of low 
solubility and low availability of phosphate compounds and the low 
absorptive activities of the roots at high pH levels. Soils of the 
Herbert Holdorf, Soil Scientist, Lewis and Clark National 
Forest, Great Falls, Montana, personal communication. 
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Madison limestone group, for example, are extremely low in phosphorus 
(Patten, 1963). In addition, the alkaline reaction of these soils inter­
feres with absorption by plants even when phosphate is added in soluble 
form (McGeorge, 1935). Iron chlorosis, due to the unavailability of 
this element, is also associated with soils high in lime (Thorne, 191*6). 
In alkaline soils, deficiencies in potassium, phosphorus, and 
iron in calcifuges were postulated by Rorison (i960) to result from the 
presence of calcium both directly as a depressor of potassium uptake 
and indirectly as calcium carbonate by maintaining high soil pH and, 
thus, reducing the availability of the latter elements. This confirmed 
Balme's suggestions (1953) that calcifuges had difficulty in absorbing 
potassium and phosphorus from calcareous soils. In acid soils, iron 
and phosphorus were unavailable and the calcium:potassium antagonism 
was prevented, but the lack of calcicole seed establishment may be 
caused by the effects of aluminum and, in part, manganese. Rorison 
concluded that the presence or absence of calcium carbonate as a base 
was the primary factor affecting germination and seedling growth. 
Calcium was only a secondary factor, but, when it occurred as calcium 
carbonate, alkaline conditions were maintained for the complex inter­
actions affecting nutrient availability. 
DeSilva (193^) found the distribution of calcicolous and calci-
fugous species in a grassland formed in chalk to be primarily a result 
of chemical rather than physical properties, being more dependent on 
exchangeable calcium than on the calcium carbonate parent material. 
The most important factors involved in this relationship are simple 
chemical ones, principally concerning exchangeable eduminum and calcium 
12 
and pH. These effects are most significant in the seedling stage 
(Clymo, 1962). Steele (1955) also indicates that both pH and calcium 
supply affect the success of calcicoles, although exchangeable calcium 
seems to be more important than pH (Brady, 197^). There is evidence 
that when species adapted to limestone are grown on acid soils, the 
alTiminum and manganese in the latter may become toxic to the plant and 
the uptake of phosphorus may be limited by the presence of aluminum. 
For species adapted to acid soils, the high levels of calcitun and 
bicarbonate in limestone soils may limit uptake of potassium and iron 
(Whittaker, 1975). 
Despite differences in nutrient concentrations in the soil and 
their effects on plants, nutrient contents in plants of the same species 
can be qtiite similar on limestone and non-limestone soils. Nutrient 
circTilation in similar communities on limestone and non-limestone soils 
also may be similar, although some Belgian Quercus forests on limestone 
have higher calcixim and lower potassium contents and turnover than on 
non-limestone soils (Whittaker, 1975). 
Dunnewsild (1930) suggested that soil chemical differences might 
be one of the significant factors affecting the vegetational pattern in 
the Big Horn Mountains of \^yoming. In the Rocky Mountains relatively 
few plants are restricted to soils rich in calciTim carbonate. This may 
be related to the prevalence of great beds of calcso-eoxis rocks providing 
less opportunity for geographical specialization of a species to a sin­
gle substrate and also to the low summer precipitation which reduces 
leaching (Bamberg and Major, I968). Moore (1959) considered it unlikely 
that either physiceil or chemical analyses of soil would in themselves 
provide an explanation of plant and community distribution. 
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Effects of a species * calcium requirement. Interactions occur 
between plant distribution and the calcium requirement of a species, the 
calcium content of its foliage, and the level of soil calcium. Bard 
showed the calcium content of foliage to be more dependent on the 
inherent capacity of each species to absorb calcium from the soil than 
on the calcium level of the soil itself. The distribution of Fagus 
grandifolia Ehrh., Ulmus americana L., and Tilia americana L. on calcar­
eous soils was shown to be closely associated with the calcium reqtiire-
ment of each species and their productivity highly correlated with the 
calcium content of its foliage (Chandler, 1937). Of the tree species 
whose litter contained relatively large amounts of calcium in the Ozark 
Mountains, a greater proportion occunred on limestone than on chert or 
sandstone (Read, 1952). According to Daubenmire (1953)» the high cal­
cium content of Thuja plicata Donn foliage may explain, in part, the 
higher soil pH that is associated with this species. However, even the 
high calci\im content of Abies grandis (Dougl.) Lindl. needles does not 
alleviate acidity, thereby, showing that calcium content may not be the 
decisive factor in controlling plant distribution. 
Forest stands influence the fertility level and the pH of the 
surface soil throxigh their effects on the type of decomposition of or­
ganic debris. Tree species, whose litter is high in bases, favor com­
plete decomposition and incorporation of organic matter into the sur­
face of the mineral soil and, thus, maintain a high organic content and 
granxilation. For instance, litter of Juniperus virginietna L. produces 
an alkaline condition while that of Tsuga canadensis (L.) Carr. causes 
pH to be low (Chandler, 1937). In Alaska, Alnus crlspa (Ait.) Pursh 
I k  
has a remarkable acidifying effect, being capable of reducing pH from 
8.0 to 5.0 within 35 to 50 years. The leaching of calcium carbonate 
under this shrub is very rapid, lowering the calcium carbonate content 
from five percent to 0.3 percent in 31 yeaa-s (Crocker and Major, 1955). 
By altering the vegetation type, it might, therefore, be possible to 
create acid conditions on a calcareous soil or vice versa. 
Effects of soil moisture. Soil moisture has a profound in­
fluence on the growth and distribution of species, particuleurly in the 
northern Rocky Mountain region, which receives much of its precipitation 
during the winter months and where the summers are generally droughty. 
The presence of soil drought for part of the growing season prevents 
the stirvival and spread of those seedlings which cannot endure it by 
aestivation or evade it by rooting within those horizons where growth-
water is not exhausted (McMlnn, 1952). Langenheim (1962) postulated 
that differences in the water retaining capacity of soils may cause 
the correlation between Populus tremuloldes Michx. distribution and 
parent material in Colorado. The moisttire supply may be effective 
only in controlling the niunber of individuals, not in differentiating 
between species (Bates, 1923). 
The iinpubllshed theory of Holdorf, soil scientist for the Lewis 
and Clark National Forest, Great Falls, Montana, for plant distribution 
on soils underlain by limestone bedrock in the Little Belt Mountains of 
Montana is based on observations of soil moisture effects. According 
to Holdorf, the lack of free water after snowmelt in soils underlain by 
this rapidly permeable material restxlts in a species' total reliance on 
the water which is held in the soil against the force of gravity. 
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Impermeable rocks, such as grcmlte, sandstone, and shale, are ahle to 
prevent the loss of water from melting snow and retain gravity water 
for plants into the growing season, thereby markedly increasing the 
available soil moisture. 
Although soils underlain by limestone have water-holding capac­
ities equal to or exceeding soils \uiderlain by other bedrock types, less 
moisture is available for plants since little free water is stored, the 
permeuaent wilting percentage is high, and osmotic stress exists due to 
the presence of large quantities of salts. This lower amount of avail­
able moistxure on soils \inderlain by limestone leads to a distinctive 
plant ecology on these soils compared to that on s\arrounding acid mate­
rials, psurticularly with regard to Pseudotsuga menziesii (Mirbel) Franco., 
Pinxxs contorta, and members of the Ericaceae. The soils underlain by 
limestone support vegetation of a much drier plant growth environment 
than adjacent soils over non-limestone materials.^ 
Pinus contorta. which requires more moisture than ceua be stored 
in limestone soils, is restricted from them in low precipitation zones. 
Pseudotsuga menziesii, which requires less soil moisture, dominates 
these sites by default. Limestone soils are apt to be too dry for 
Pinus contorta to make a normal growth (Mason, 1915). However, where 
annual precipitation exceeds 75 centimeters, Pinus contorta can occur 
in mixed stands with Pseudotsuga menziesii on these soils in central 
Montana. 
Effects of Limestone Bedrock on Plant Productivity 
The effects of limestone on community biomass and productivity 
^Holdorf, personal communication. 
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are probably quite variable with, climate, topos^raphy, and other condi­
tions. Belgian Quercus forests on different parent materials, including 
limestone, had similar productivities. In the Santa Catalina Mountains, 
Arizona, the limestone supported open shrubland with grass with approxi­
mately forty percent of the net primary productivity and seven percent 
of the biomass of the adjacent granitic soil, which supported Pinus;-
Quercus woodland. Rapid downward loss of water in this mountain-
slope limestone was postulated as the responsible agent for relative 
soil drought and low productivity (WhittaJter, 19T5). 
Regional Plant Distribution on Limestone Soils 
Numerous examples of dissimilarities in plant distribution and 
productivity due to parent material can be found. Interregional dif­
ferences in TDlant communities on limestone substrates are partially de­
pendent on the kind of soil produced. In regions of warm climates and 
abundant rainfall, limestone weathers chiefly by chemical solution. 
This process results in the formation of a deep msuitle of residual 
soil, which is normally high in silica, aluminum, and iron oxide but 
low in lime. In arid or in coastal regions, limestone weathers chief­
ly by mechsmical disintegration. This process results in the forma­
tion of a thin mantle of rock fragments and, \mder favorable condi­
tions, eventually a residual soil high in both silica and carbonates. 
Each of these kinds of soil supports bji entirely individual plant 
environment (Kelly, 1933). 
Humid United States. In the eastern United States, the forest 
c ver over Rendzinas, which are the prototypes of limestone-derived 
soils, is highly diversified and includes many calciphilous species. 
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such as Quercus, Carya, Fagus, Frajcinus, Juniperus, and Thuja occiden-
talis L. However, all trees on these soils suffer from malnutrition 
due to the high content of carbonates. The stands show a very slow rate 
of growth, high percentage of cull, and are subject to premature death 
(Wilde, 19^8). Their natural regeneration is often handicapped by the 
absence of mycorrhizal organisms as well as by the attacks of damping-
off fungi (White, 19^1; Rosendahl, 19^+3, as reported by Wilde, 19^8). 
Hardwood forest stands on calcareous soils (Alfisols) in New 
York have more of the exacting species, such as Ulmus americana, Tilia 
americana, Fraxinus americana L., Liriodendron tulipifera L., Carya 
species, and Thuja occidentalis, than are found on acid soils (Spodosols). 
The stands from these acid soils contain a higher percentage of Fagus 
grandifolia, Betiila alleghaniensis Britton, Ac^r sacchar^^ Marsh., Acer 
rubrum L., and certain Quercus species (Lutz and Chandler, 19^6; Cline, 
19h9-, Chandler, 1937; Kelly, 1933). Hunt (1972) reported Griggs' 
finding (l9ll^) that Castanea dentata (Marsh.) Borkh. is limited to lime­
stone soils in one part of the edge of its range and to non-limestone 
soils in another. In the Appalachians and Ozarks, soils derived from 
underlying sandstone support entirely different trees than adjacent 
soils formed from limestone due to differences in texture, porosity, 
pH, and available nutrients (Read, 1952). 
In the Lake States, the best growth of Pinus beuiksiana Lamb. 
was foimd on soil types where limestone materials were present (Kit-
tredge, 1928, as reported by Lutz and Chandler, 19^6). Fernald (1919, 
as reported by Lutz and Chandler, 19^6), however, found this species 
to be most abundeuit on acid soils. Pinus resinosa Ait,, which occurs 
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natvirally on acidic soils, when plsinted in basic soils grows well in 
youth but is apt to suffer from decreased growth in its middle years 
followed by symptoms of malnutrition and attacks by insects and disease 
(Spurr, 1956). 
Juniperus virginiana has been observed to be more abundant on 
limestone than on other formations in the Southeast (Lutz and Chandler, 
19^+6) and in Wisconsin."^ Smith (1905, as reported by Kelly, 1933) 
noted that Pinus palustris Mill, in the Southeast never appeared di­
rectly on chalk soils but inhabited only the areas in which the chalk 
had been covered by sands and gravels. In the mountains of this area, 
a band of pine forest parallel to a band of hardwoods mixed with 
Juniperus virginiana commonly connotes parallel layers of sandstone 
and limestone (Spurr and Barnes, 1973). Lutz and Chandler (19^6) re­
ported observations by Hill (I887, 1901) and by Hilgard (1906) in 
Alabama, Mississippi, and Texas that calcareous soils, developed from 
relatively soft calcareous beds, supported a natural vegetation con­
sisting largely of prairie grasses and legumes, whereas adjacent Ulti-
sols, derived from acid parent materials, supported forest vegetation. 
Read (1952) on north aspects in the Ozarks showed that 
Juniperus virginiana is concentrated on the limestone soils with Ulmus 
americana, Juglans nigra L., Carya ovata (Mill.) K. Koch, and other 
exacting species. In contrast, the sandstone and chert soils were 
dominated by Quercus velutina Lam., Q. alba L., Carya tomentosa Nutt., 
sylvatica Marsh. 
Europe. Tamm (1921, as reported by Lutz £ind Chandler, 19^*6) 
''^Nimlos, personal communication. 
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recognized four groups of parent materials in Sweden based on csQ-cium 
content. Soils derived from the rocks lowest in calcium (quartzite, 
leptite) support a poor forest of Pinus sylvestris L. Rocks in the 
second group (granite, gneiss) are somewhat higher in ceuLcium and pro­
duce good soils for Pinus cmd mixed conifers. The basic igneous rocks 
(diorite, gabbro, basalt) in the third group, together with the calcar­
eous sedimentaiy rocks in the fourth, have the highest calcium content 
and give rise to very productive soils which support herb-rich Picea 
abies (L.) Karst. forests or good hardwood forests. On the low calcium 
Fenno-Scsuidiein soils, a high positive correlation has been established 
between soil cedcium content and site fertility (Viro, 197^). 
In the deciduous forest formation on the British Isles, wherever 
the soil contains free lime, Quercus robvtr L. tends to become unimpor­
tant or to disappear altogether from the forest commxmity. Only in 
regions of heavy precipitation where leaching is sufficiently rapid to 
remove all free calcium carbonate from the soil csui Quercus grow on 
limestone outcrops. 
Under natixral conditions Fraxinus excelsior L. is frequently 
found on siliceous soils, but is crowded out of climax forests due to 
shading. On many limestone soils, however, where Quercus robur growth 
is weakened, and in the absence of other tall trees, the Fraxinus be-
comes dominant. This phenomenon probably indicates that Fraxinus is 
able to compete more equally with Quercus when free carbonate is 
present in the soil (Eyre, 1963). 
Variations in adaptability to calcareous soils occur even 
Within the same genus. Rhododendron hirsutum L. occurs on limestone 
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in the Alps while R. ferrugineum L. occurs mostly on siliceous rock or 
acid humus soil (Walter, 19T3). In England, Agrostis stolonifera L. 
grows on soils relatively rich in calcium while A. setacea Curt, grows 
on acid soils where calciim status is low (Ivimey-Cook, 1955, as re­
ported hy Clarkson, 1965). Tansley (1917) found the occxirrence of 
Galium sylvestre Poll, and G. saxatile L. each to be confined to its 
own kind of soil, with seedlings of the former growing natiirally on 
calcareous soils while those of the latter did not survive. 
Balme (1953) found considerable differences in soil depth, pH, 
and plant distribution on a weathered slope of variably permeable lime­
stone in England. In the shallow soils with a depth to bedrock of ten 
centimeters and a pH of T.5, the community was dominated by calcicolous 
grasses, particiilarly Festuca ovlna L. Calcifuges, such as Galium 
hercynicum Weig., Agrostis tenuis Sibth., and Potentilla erecta (L.) 
Hampe, were entirely absent from these locations and were almost ex­
clusive to the acidic, deep Podzols (pH 5-6, depth 25 to 50 centimeters). 
Also in England, DeSilva (193^) found Vaccini\an myrtillus L. 
to be markedly calcifugous, occupying a soil not only devoid of calcium 
carbonate, but also very poor in exchangeable calcium. Nutrient defi­
ciencies and drought appear to be the two factors of greatest importsuice 
in the failure of calcifugous species on shallow calcareous soils (Grime, 
1963). The absence of ced.cicoles in acidic soils may be a result of 
their inability to compete with the better adapted calcifuges. 
Tropics. A distinct vegetation on soils derived from lime­
stone bedrock has not been reported from true rain forest regions 
(V/alter, 1973). Unique soils, generally terra rosa, however, develop 
over limestone in these acreas. 
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Serai-arid and arid United States. In the arid regions of the 
southwestern United States (Lutz and Chandler, 19^6) and in the semi-
ft arid interior of the Pacific Northwest, Jviniperus scpp}y.oruin Sars^. 
appears to be rather closely associated with limestone. Soils derived 
from Permian limestone produce the heaviest sind best stsinds of Pinus 
ponderosa Laws, in the Southwest, providing precipitation is favor­
able in amount and distribution. In contrast to limestones, the 
Coconino sandstones produce both poorer soils and lower quality tim­
ber (Lutz and Chandler, 19^6). Adaptability to lower levels of soil 
nitrogen can also be a factor in plant distribution in arid regions 
(Harradine and Jenny, 1958). 
Effects of Limestone Soils on Tree Distribution: Pinus contorta 
versus Pseudotsuga menziesii in particular 
Some species will grow well in a variety of soils. The growth 
range of Pseudntsiign menziesii extends onto both limestone and non-
limestone soils. On the limestone soils its behavior seems to be one 
of comparative indifference towards the pE value and the nutrient 
levels (Baule and Fricker, 1970). 
Edaphic compensation for microclimate was suggested by Mooney 
et al. (1962) for the distribution of Pinus aristata Engelm., which 
reaches its upper elevational limits on dolomite in the White Moun­
tains of California. Later study (Wright and Mooney, 1965) showed 
that dolomitic limestone supported well-developed forests of Pinus, 
aristata while sandstone and granite had poorly developed forests 
and were often vegetated by a high altitude Artemesia tridentata 
O 
°Nimlos, personal commimication. 
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Nutt. commxmity. 
The occvirrence of a Pinus contorta zone was clearly associated 
with granitic substrates in the Big Horn Mountains of Wyoming (Des-
pain, 1973). The strong positive association between this species 
and granitic substrates and the strong negative association between 
Pseudotsuga menziesii and granite suggested that these species re­
sponded differently to the soil conditions produced by the different 
rock types. Pseudotsuga menziesii forests were best developed on 
limestone and only rarely occurred on granitic substrates. In lime­
stone areas Pinus contorta rarely formed the serai stage. 
The correlation of vegetation and substrate was also noted 
by Patten (1963) in the Madison Range of Montana where Pseudotsuga 
menziesii was associated with limestone formations and Pinus contorta 
with volcanics. Similarly, Langenheim (19^2) reported that y.nus 
contorta occurred principally on granitic or coarse clastic parent 
materials in Gunnison County, Colorado. 
Gail and Long (1935) showed the growth of Pinus contorta to 
be directly correlated with soil aeration. Dyrness and Yoimgberg 
(196!;), however, found it to grow on both poorly-drained and well-
drained soils in Oregon. The response of Pseudotsuga menziesii to 
root aeration is unknown. It may be that this species can tolerate 
lower soil aeration than Pinus contorta. 
Another possible factor in the distribution of Pseudotsuga 
menziesii and Pinus contorta is mineral nutrition, particularly 
since the content of the needles is more a reflection of their min-
Ci-al requirements than of the soil in which the plant grows. 
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DauTaenmire (1953) demonstrated a higher calcium, potassium, and phos­
phorus content in the needles of Pseudotsuga menziesii thsui in those 
contort a. In contrast to Picea enp;elmannii Parry and Pinus 
ponderosa, Pseudotsuf^a menziesii showed stronger symptoms of calcium 
deficiency when (jjrown in a low calcium meditim (Mxirison, 1959). More 
work needs to be done on the comparative mineral nutrition of Pseudo-
tsuga menziesii and Pinus contorta. 
Effects of Parent Material on Altitudtnal Plant Distribution 
The altitutinal distribution and growth of forest trees are 
strongly influenced by the type of parent material. Both Peattie 
(1936) and Podhorsky (1927, as reported by Lutz and Chandler, 19'*6) 
reported that the upper altitudinal limit of Fagus stands in Euro­
pean forests is higher on soils derived from calcareous rocks than 
from non-calcareous rocks. In the latter study the difference was 
2ij0 meters. In the interior of Alaska, Picea glauca (Moench) Voss 
7 -7 ' 1 ' 
extends up to the 890-meter elevation on limestone, whereas in the 
same section, the timberline on other formations is T^O meters 
or less. 
Whittaker and Niering (1968) in the Santa Catalina Moun­
tains of Arizona found similar vegetations! patterns on limestone 
as on granite and diorite but with the vegetation on the former 
about 300 meters higher in elevation. For the most part, popula­
tions were located on more mesic topographic positions on lime­
stone than on diorite or granite. In general, the limestone com-
I. mities were open, lacked a canopy cover, and, therefore, were 
subject to greater insolation and to drought. Microclimatic effects 
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were, thus, partially responsible for the shifts in distribution. 
In a vegetation study on three substrates in the >7hite Mountains 
of California, Mooney et al. (1962) fotind that trees occurred at higher 
elevations on dolomite and shrubs grew at higher elevations on sand­
stone and granite. Trees on dolomite constituted a greater percentage 
of cover as compared with the other substrates at all but the lowest 
elevations. Shrubs on dolomite, on the other hand, constituted the 
least cover and failed to appear in the vegetation at elevations on 
this substrate which still supported shrubs on sandstone and granite. 
Physiognomic effects of limestone soils in other areas described 
by Whittaker and Wiering (I968) include the following; l) open Larix 
Larix-Pinus forests on limestone in areas where Picea forests occur 
on non-calcareous materials; 2) Fagus forests on limestone in Europe 
differing in physiognomy from those on other substrates; 3) open Pinus 
forests on limestone in contrast with various kinds of forests on other 
soils in drier areas of Europe; U) grasslands on limestone in forest 
climates of Etirope, particularly in England; 5) Quercus-Carya versus 
Quercus-Casteunea (now Quercus forests) on acid soils in the eastern 
United States; 6) glades and barrens of Juniperus virginiana in dense 
stsuids or in grassleuids on limestone contrasted with Quercus woodland 
on sandstone in the Middle West; 7) contrasts of Quercus woodland with 
Pinus forests, of chaparral with woodland and grassland of differing 
desert scrub types, on limestone versus other soils in Mexico; and 9) 
distinctive communities on limestone in tropical areas, such as the 
limestone scrub of Madagascar and the forests in Cuba. The contrast 
ia structure is greatest in intermediate moisture conditions where 
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limestone and other rocks support commiinities of different growth form. 
Ecotypes Caused by Parent Material 
In some regions the presence of calcium carbonate can result in 
endemism of species (Mason, 19^6). Since the ecological demands of a 
plant are not determined solely by its genetically fixed physiological 
demands, a species can change its ecological demajids in different re­
gions emd different ecosystems due to ecotypes within species (McMillan, 
1959; Teich and Hoist, 197^) and to differences in competition (Bam­
berg and Major, 1968). 
Vinogradov (19^9, as reported by McMillan, 1956) found evidence 
of physiological races in Pinus sylvestris. Attempts to grow the lime­
stone race on sandy soils failed as did attempts to grow the race of 
sandy soils on calcareous soils. 
Differences in calcium uptake is directly related to the growth 
and distribution of Pinus ponderosa progenies of granite and ultra-
mafic rocks (Jenkinson, 197'^). 
Limestone ecotypes of Picea glauca have been demonstrated by 
Teich and Hoist (197^) to have evolved by natural selection. This 
was indicated by the superior growth of limestone provenances on lime­
stone soils and granitic provenances on granitic soils. Choosing seed 
from plants grown in soil similar to the plantation area produced ten 
percent more height growth than if the soils differed. Such a finding 
covild be quite significant to management practices in reforestation. 
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Description of the Study Area 
Location and Physiographic Setting 
The study area encompassed about 2600 hectares in the north­
western part of the Garnet Mo\intains in western Montana about fifty 
kilometers east of Missoula (Figure 1). The elevational range ex­
tended from approximately lU60 meters above sea level in the north­
west corner to 2090 meters in the southeast corner of the study area. 
None of the area below 1525 meters was studied since it was all under­
lain by granite. There were very few permanent streams; most streams 
were dry by mid-summer. Topography ranged from rolling uplsuads at 
higher elevations to somewhat steep slopes facing into the major 
drainages. 
Geology 
The geologic materials underlying the study area consisted of 
three types: igneous rocks of the quartz monzonite and granodiorite 
stocks, Cambrian limestones, dolomites, and marbles of the Silver Hill 
and Hasmark Formations, and Precambrian micaceous quaxtzites of the 
Garnet Range Formation. Further description of the geology and topog­
raphy of the western Garnet Range is included in Kauffman (1963) and 
Brenner (1968). 
Climate 
Three weather stations are present in the immediate surroundings 
of the study area: l) a station in the townsite of Garnet (elevation 
•"•795 meters) maintained by the Bureau of Land Management which has been 
in year-round operation since 1972 recording temperature, precipitation. 
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and general weather conditions, 2) a station 1.6 kilometers southwest 
on Union Peak lookout (elevation 2075 meters) which is operated during 
the summer fire season by the State of Montana recording temperature, 
precipitation, and wind data, and 3) a station 11.2 kilometers northwest 
at the Greenough Post Office (elevation 1250 meters) operational year-
round since 1956 recording temperature, precipitation, wind, and h\imid-
ity data. These stations make it possible to characterize the climate 
in the study area (Tables 1-U). 
The area has a mean eunnual temperature of about 2°C, with average 
winter temperatures ranging from -33 to 3^C and average summer tempera­
tures from -3 to 3^°C. Average annual precipitation is approximately 
60 centimeters which occurs mostly as snow between October and May. 
The study was conducted during the summer of 1975, which was one of 
the coldest and wettest on record (Steele, 1976). 
Soils 
The soils in Missoula and Granite Counties in the Garnet Range 
were mapped by the Soil Conservation Service in 1973 and 1965, respec­
tively, although only the former has been published (Anderson and 
Hunter, 1972; Dunmire, 1967). The soils were quite variable as a 
result of topography and parent material, but were generally shallow 
and quite poorly developed, belonging to the Entisol and Inceptisol 
orders of the New Classification System (Soil Sxirvey Staff, 1971). 
Although some forested soils in western Montana show conspic­
uous soil development, those in the study area showed minimal horizon 
iifferentiation, with generally weak structure, and little textural 
change due to pedologic processes. Granitic soils were shallower and 
TABLE 1 
AVERAGE MONTHLY AIR TEMPERATURE AT THE GREENOUGH POST OFFICE 
IN DEGREES CENTIGRADE (STEELE, 1976) 
Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
1 
Annual ; 
1975 -8.3 -7.2 -2.6 0.0 6.U 11.8 19.6 Ik .5  11. 3.7 -3.3 -U.7 3.U 
Average 
1956-1975 
-8.1 -U. l  - l . k  2.9 8.2 12.8 17.0 16.3 10.5 k .k  -2.U -6.8 U.l 
TABLE 2 
MONTHLY PRECIPITATION AT THE GREENOUGH POST OFFICE 
IN CMTIMETEES (STEELE, 1976) 
Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 
1975 10.25 6.0U 2.99 5.20 6.37 5.68 3.83 7.58 2.5U 9.71 7.76 2.12 73.33 
Average 
1956-1975 3.31 3.1U 3.^9 It.37 6.33 2.06 2.56 3.12 3.19 3.55 U.76 h6.k3  
Maximum 
1957-1975 10.93 6.k2  5.^*8 6.80 11. 7H llt.I+O 5.10 5.76 8.12 7.15 7.99 11.51 61.17 
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TABLE 3 
AVERAGE SUMMER AIR TiMPERATURE BY MONTH 
AT GARNET, MONTANA IN DEGREES CENTIGRADE* 
Year June July August Sept. 
1973 9 lU Ik 9 
197it 12 l6 13 8 
1975 8 16 9 9 
TABLE k 
SUMMER, 1975 PRECIPITATION BY MONTH 
AT GARNET, MONTANA IN CENTIMETERS * 
June July August Sept. 
7.63 9.10 7.18 1.37 
*Daxrell C. Sail, Garnet Area Manager, Bureau of Land 
Management, Missoula, Montana, personal communication. 
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coaarser textured than soils formed in quartzite. Soils formed in 
limestone were the deepest and finest textured. All soils were well-
drained. 
Vegetatlonal Pattern 
A mosaic of vegetation has resulted in the area from disturbance 
factors (fire, logging, and mining) and site factors (topographic dif­
ferences and geologic material). None of the area is above upper tim-
berline, although numerous rock outcrops greatly reduce the occurrence 
of trees on steep slopes. The northern part of the study area on the 
University of Montana's Lubrecht Experimental Forest in Missoula County 
has been timber-typed (Cauvin, 1961), but the vegetation has never been 
mapped extensively. 
Based on the habitat type system of vegetation classification 
developed by Pfister et al. (197^), the range of vegetation on the 
study area extended from the drier Douglas-fir habitat types (Pseudo-
tsuga menziesii/Calamagrostis rubescens, P. menzies 1 i/Symphoricarpo's 
albus, P. menziesii/Carex geyeri) on the drier slopes over limestone 
parent material to the temperate subej-pine fir habitat types (Abies 
las1ocarpa/Menziesia ferruginea, A. lastoceorpa/Xerophyllum tenax, A. 
lasiocarpa/Linnaea borealis) on greuiite and quartzite. Eighty-five 
species were described in the area of which six were trees (principally 
Pseudotsuga menziesti, Pinus contorta, and Abies lasiocarpa (Hook.) 
Nutt.), 22 were shrubs (principally Vaccinlum globulare Rydb., V. 
scoparium Leiberg, and Ltnnaea borealis L.), 51 were forbs (principally 
\ntennaria racemosa Hook., Arnica cordifolia Hook., Arnica latifolla 
Bong., and Xerophyllum tenax (Pursh) Nutt.) and six were graminoids 
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(principally Calamagrostis rubescene Buckl. and Carex geyeri Boott. 
Species follow Hitchcock and Cronquist (1973). Several of the species 
were introduced to the area, their distribution associated with logging 
and mining activities. The moist-site species generally occurred on 
higher elevation north-facing slopes on non-limestone parent materials. 
Resources 
Several metallic mineral resources are present. Gold, silver, 
and copper lode deposits were discovered in Gaz*net (I867) and in 
Coloma (1897) with most of it extracted prior to World War II. How­
ever, sporadic diggings by fortune-seekers still continue today. 
Timber has been harvested since the early 1900's. 
CHAPTER II 
METHODS 
Plot establishment 
Prior to field work, which was conducted during July, August, 
and September, 1975, general plot locations on the three substrates 
were established on topographic maps holding the following three 
topographic factors relatively constant: aspect, elevation, and slope 
steepness. These locations were determined from geologic maps (Eauff-
man, 1963; Brenner, 1968) €uid the 7.5 minute Union Peak and Elevation 
Mountain topographic maps produced by the United States Geological 
Survey (1965). Objective plot selection used the various combinations 
of aspect, elevation, and slope steepness groupings in order to dupli­
cate site conditions on each substrate. 
Due to the veuriability in landscape and the xinlikelihood of com­
plete constancy of these factors, two aspect groupings, three eleva-
tional remges, and three slope steepness categories were established 
for each parent material. Allowances for north emd south aspects were 
U5° east or west of the cardinal direction (315° to ^+5° azimuth for 
north aspect, 135° to 225° azimuth for south aspect). Elevational 
ranges were 1525 to l675 meters, 1675 to I825 meters, and 1825 to 
1975 meters. Slope categories were 0 to 15 percent, 15 to 30 percent, 
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and 30 to 1»5 percent. The interaction of these three topographic 
features produced l8 combinations for each substrate. However, since 
no limestone was present on south slopes below i6T5 meters on the 
study area, no data were collected on any parent material in this 
aspect-elevational grouping. The sample niunber on each substrate 
was, thus, reduced to fifteen. 
In addition to the forty-five sample plots, three supplementary 
plots, all calcareous suxd all with Pinus contorta in the overstory, 
were examined to test the hypotheses concerning the growth of Pinus 
contorta on limestone substrates. 
Gro\xnd checking during the field season more accurately lo­
cated the plot centers from the approximate map locations. Once 
situated at the approximate position, a random representative selec­
tion of the exact sample plot center was established with special 
precautions to avoid edge effects, obvious ecotones, microsites, 
dense clumping, and recent disturbance. 
Field Procedxires 
Vegetation 
Sampling was conducted on 375 square meter circular plots 
(Pfister et al., iPT't). On each plot the following data were re­
corded: l) location, 2) aspect, 3) elevation. It) slope steepness, 
in percent, 5) canopy coverage class for tree species in two diameter 
groupings - ten centimeters or more at breast height (l.U meters) 
and those less than ten centimeters, and 6) canopy coverage class for 
each vascular \indergrowth plant species. Coverage classes for trees 
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euad Tindergrowth vegetation were the following: 
Coverage Class Percentage of Area Covered Average Percent Coverage 
T 0-1 0.5 
1 1-5 3.0 
2 5-25 15.0 
3 25-50 37.5 
h 50-75 62.5 
5 75-95 85.0 
6 95-100 97.5 
A "+" was recorded for individuals foxmd singly within the plot or 
represented in the stand outside the plot. Species of unknown or 
uncertain identity were collected for identification at the Forestry 
Sciences Laboratory Herbarium at Missoula, Montana, U.S.D.A. Forest 
Service (MRC). 
All trees greater than nine centimeters at breast height within 
the 375 square meter plot were recorded in five centimeter diameter 
classes by species for later calculation of bassd. area. Basal area 
was also determined for all tree species greater than l.lt meters in 
height on a variable plot using a relaskop. The total count of all 
established tree seedlings greater than 30 centimeters in height was 
recorded by species. 
Two or three dominant or relatively free-growing trees, at least 
one of each species, were measured for height eind age in order to esti­
mate site potential by species. 
The habitat type for each plot was determined according to 
Pfister et al., 197^^. 
In order to illustrate the general physiognomy and composition 
of the stands, black and white photographs were taken of the vegetation 
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at each plot and color photographs were taken of the soil ajid vegetation 
on a representative plot on each substrate. 
Soils 
Description. A soil pit was dug near the center of each of the 
forty-eight plots and described according to standard soil STirvey pro-
ced\ires (Soil Survey Staff, 1951> 1971). Six pits, representing the 
modal profile by aspect on each substrate, were chosen for more de­
tailed description eind for chemical, moisture, and mineralogical ansJ.-
yses. After these six profiles were described, two composite samples 
of each horizon were taken to the laboratory for analysis. Air-dried 
samples were passed through a two-millimeter screen and the fraction 
less than two millimeters in size was emalyzed for texture by the 
hydrometer method (Bouyoucos, 1951). The larger fraction was used to 
determine the percentage of coarse fragments based on oven-dried 
weight. These analyses were performed in duplicate. 
Chemical analysis. From the three representative profiles on 
the south slope, samples were collected from the following five depths: 
0-10 centimeters, 10-20 centimeters, 20-30 centimeters, 30-UO centi­
meters , and l»0-50 centimeters. From the north slope profiles, samples 
from only the two surface depths were collected since aspect differ­
ences were minimal below 20 centimeters. Chemical and moisture anal­
yses were limited to the top 50 centimeters of the soil profile since 
the roots were generally concentrated in this part of the profile. 
Since the soils were wesJcly developed with slow change through the 
.^oil profile, depths were chosen at ten centimeter intervals rather 
than the usual five centimeters. 
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Oven-dried samples were passed throu?^ a one-millimeter screen 
and the fraction less than one millimeter in size was analyzed. Soils 
were analyzed for calcixan, magnesiiim, potassium, sodium, manganese, 
iron, copper, and zinc by extracting with 1 N ammoniixm acetate and meas­
uring with an atomic absorption instrument. Analysis for phosphate was 
performed colorimetrically using ammoniTim fluoride extraction (Jackson, 
1958; Stark, 1976). All analyses were perfonned in duplicate. Soil 
acidity was determined colorimetrically with a pH kit in the field and 
checked with the Beckman pH meter on samples brought back to the labora­
tory. 
Moisture analysis. From each of the six representative pro­
files , samples were taken from the five depths described above for 
gravimetric moisture emalysis to determine the moisture content (Rein-
h£u:t, I96I; Gardner, 1965). These samples were collected at the site 
by rapidly forced-sieving the soil through a two-millimeter sieve. 
Collection waa performed approximately every two weeks from July 29 to 
September 28. In addition, samples were gathered at these depths for 
duplicate auaalysis of the permanent wilting percentage (15 bars of 
pressure), which is theoretically the lower limit at which plants are 
capable of extracting moisture for growth and at which point they suf­
fer irreversible wilting. The permanent wilting percentages were ob­
tained using a pressure-plate apparatus (Richards, 19'»8, 1965). After 
the soil was subjected to 15 bars of pressure for 20 to 2k hours in 
this apparatus, its moisture content at the permanent wilting percent­
age was determined as above. 
Mineralogy. The clay minerals in the horizon of highest clay 
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content in each of the six modal soils were analyzed by X-ray diffrac­
tion (Carroll, 19T0; Whittip;, 1965). The proportion of the dominant 
minerals in the rocks forminj? each of the soils were analyzed by thin 
section and also by staining with sodim cobaltinitrite for the gran­
ite (Bailey and Stevens, I96O; Hold and Erickson, 196?). 
Office Procedures 
Statistical Analysis 
Associations between species and nutrient levels on each sub­
strate were determined using the Student's t-test. The analysis of 
variance (F-test) was used to test the homogeneity of variance prior 
to conducting the t-test. That is, it was employed when a significant 
difference existed between the variemces of the species coverage classes 
or nutrient levels between substrates. 
In some instances the variance of coverage or nutrient quantity 
was non-homogeneous, particxilarly among those species (such as Pinus 
contorta, Vaccinium globulare, V. scoparium, and Xerophyllum tenetx) or 
nutrients (manganese, calcium, or phosphate for example) with great 
quantitative variability. In such cases special analyses were applied. 
For instance, Vaccinium globxilare had a mean cover of 3^+ percent on 
soils derived from quartzite and a variance of 680 while on limestone 
soils, the mean and variance were one percent and lU respectively. 
That is, the variance was proportional to the coverage class value. 
When the variances were significantly different and the sample 
sizes vinequal, such as in the inter-aspect nutrient euialysis, a 
weighted t-value had to be calculated (Cochran and Cox, 1957). On the 
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other hand, when the sample sizes were identical, as in the comparison 
of the percent coverage by species on each of the substrates, the 
weighted t-value was the same as the ordinary t-value with n degrees 
of freedom. The ordinary t-value cotild, thus, be used even though the 
variance was quite different at various coverage or nutrient levels. 
Ordination of Stands 
Two Index of Similarity ordinations were constructed to array 
the stands graphically on the basis of the coverage class values for 
each plemt species (Bray and Curtis, 1957; Pfister et al., 197'*). A 
two-dimensional ordination was established with the x-axis apparently 
coinciding with a gradient based on moisture due to substrate differ­
ences (limestone versus granite) and the y-axis apparently approximating 
a gradient resulting from moisture due to aspect differences on quartz-
ite. Since the x-eucis accounted for most of the meaningful variation, 
it was used independently to show the general gradient of coverage 
class values of the prominent plant species from dry to wet sites. On 
the two-dimensional ordination, the stands, their habitat types, «uid 
the coverage class distributions of the prominent individual species 
were plotted. End stands for the x-axis were chosen on the basis of 
being 96 percent dissimileur and in having relatively low total dis­
similarities with the other steuids, indicating that they were not 
highly unusual stands. 
CHAPTER III 
RESULTS 
Soils 
Introduction 
The data from this study show that the substrate from which the 
soil was derived plays a major role in the formation of the physical 
and chemical characteristics of that soil. Topographic influences, 
such as elevation, aspect, and slope steepness were subordinate in the 
soil development process. The only property in common among the soils 
derived from the three substrates was poor soil development, which re­
sulted in weak structure euid shallow soils (averaging 33 centimeters 
to the parent material). These attributes are common among forest 
soils in Montana. The soils described in this area were comparable to 
the following soil series outlined by the Soil Conservation Service: 
Felan gravelly loam (limestone), Elkner rock outcrop association (gran­
ite), and Holloway gravelly loam (quartzite) (Anderson and Hunter, 
1972; Dunmire, 196?). 
Morphology 
Limestone. The soils derived from limestone bedrock were fine-
textured (silt loam), gravelly, calcareous (slight above 19 centimeters 
and strong below on the average), and neutral to mildly alkaline in 
reaction (average pH 7.0; range from pH 6.5 to 8.0). The lower pH 
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occiirred in the surface horizons where leaching had carried the bases 
out of these horizons. Three-fourths of these soils were classified 
in the Inceptisol order (TCypic Cryochrept); the rest were Entisols 
(Typic Cryorthents). The soils had an 01-Al-B2c (in the Inceptisols)-
Cca horizon sequence. 
The organic horizon wets significantly thinner on the limestone-
derived soils than on the soils of the other two substrates. This dif­
ference may result from the stimulating effect which calcium carbonate 
had on the decomposition of plant residues by maintaining alkaline soil 
conditions suitable for bacterial activity (Kononova, 1966). A thick 
humus layer rarely occurs on calcareous soils (Viro, IPT^t). 
A modal limestone soil is described below. Most of the other 
soils described on this substrate had more coarse fragments in the A1 
horizon. Some of the profiles were more strongly calcareous near the 
surface and were thus more alkaline (Plate I). 
TYPIC CRYOCHREPT: LOAMY SKELETAL, MIXED CALCAREOUS, FRIGID 
Location: Section 33, T.13N., R.lUW. 
Habitat type: Pseudotsuga menziesii/Calamagrostis rubescens 
Parent material: Marble Aspect: SUO^W (220°) 
Elevation: I87O meters Slope: 22 percent 
Horizon Depth (cm.) Description 
01 2-0 Decomposed forest litter from Pseudotsuga men-
ziesii and undergrowth plants. 
A1 0-10 Very dark brown (lOYR 2.5/2) silt loam {5% grav­
el, 22^ sand, silt, 2k% clay),9 dark grayish 
brown (lOYR U/2, dry); weak, moderate, granular, 
breaking to weak, fine, blocky structure; soft, 
very friable, slightly sticky and slightly plas­
tic; abundant fine roots; neutrsLL (pH 6.8); very 
slightly calcareous:, abrupt boundary. 
^Textural analysis procedure as in Bouyoucos (1951). 
h2 
Plate I. T.vT)ical soil profile derived from limestone bedrock 
in the Garnet f!ountains, Montana. 
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Light olive brown (2.5Y 5.5/'*) very gravelly 
loam (53^ gravel, 3^^^ sand, h&% silt, l6% clay), 
yellowish brown (lOYR 5/'+, dry); weak, mediiun, 
blocky structure; soft, very friable, slightly 
sticky and slightly plastic; abundant fine 
roots; mildly alkaline (pH T-'t); slightly cal­
careous; clear boundary. 
Dark brown (lOYR U/3) gravelly silt loam (Ul^ 
gravel, Uo^ sand, 51% silt, 9% clay), brown 
(lOYR 5/3, dry); weak, medium, blocky structure; 
soft, very friable, slightly sticky and slightly 
plastic; common fine roots; mildly alkaline 
(pH 7.7); strongly calceureous; clear, irregular 
boundary. 
- 93+ Pale brown (lOYR 6/3) gravelly SEUidy loam (UU$ 
gravel, 63% sand, 26% silt, 115^ clay), very pale 
brown (lOYR 7/3, dry); massive; soft, very fria­
ble, slightly sticky and slightly plastic; few 
roots; moderately alkaline (pH 8.0); strongly 
calcareous. 
Granite. Soils derived from granite, in contrast to limestone, 
were coarse-textured (sandy loam) with scattered cobbles, non-calcar­
eous, and of medim acidity (average pH 5.9; rsuige from 5.5 to 6.5). 
The grsmitic soils were described as Entisols (Typic Cryorthents) and 
Inceptisols (Andic Cryochrepts). With one exception, the Inceptisols 
were very similar to the Entisols, differing mainly in the siirface 
mineral horizon, which was a Bir in the Inceptisols and an A1 (ochric 
epipedon) in the Entisols. The only morphological distinction between 
these two major stirface horizons was color. The color of the A1 hori­
zon was brown (lOYR 5/3, moist) suid light gray (lOYR 7/2, dry). The 
Bir was dark brown (7.5YR U/U, moist) aixd brown (lOYR 5/3, dry). Most 
of the Bir horizons had a thin A2 horizon forming above them. The 
horizon sequence 01-Bir-IIA2-C was present on two soils. All of the 
B21c 10 - 23 
B22c 23 - 38 
three types of A horizons had similar morphologies. 
A modsJ. granitic soil is described below. In comparison to 
this profile, most of the granitic soils had a lower pH, a slightly 
thinner organic horizon, and a higher percentage of coarse fragments. 
ANDIC CRYOCHREPT: SANDY SKELETAL, MIXED, FRIGID 
Location: Sift;, mik. Section 33, T.13N., R.lltW. 
Habitat type: Abies lasioceara/Linnaea borealis 
Parent material: Granite Aspect: N10°W (350°) 
Elevation: l820 meters Slope: 9 percent 
Horizon Depth (cm.) Description 
01 8-0 Decomposed forest litter from Abies lasiocarpa, 
Pinus contorta, and Pseudotsuga menziesii and 
vindergrowth plants. 
Bir 0-31 Dark brown (7.5YR h/k) sandy loam (20^ gravel, 
6o% sand, 31^ silt, 9^ clay), brown (lOYR 5/3, 
dry); weak, fine, subangular blocky structxire; 
very soft, very friable, slightly sticky suid 
slightly plastic; abundant fine roots; slightly 
acid (pH 6.5); non-calcareous; clear, irregular 
boundary. Sporadic A2 horizon about 0.5 centi­
meter thick oecxirs above the Bir. 
C 31 - 51+ Brown (lOYR 5/3) gravelly coarse sandy loam 
(2555 gravel, T2X sand, l8^ silt, 10% clay), 
light brownish-gray (lOYR 6/2, dry); massive; 
loose, very friable, nonsticky and nonplastic; 
few roots; neutral (pH 6.6); non-calcareous. 
Quartzite. The quartzitic soils were generally intermediate 
in morphology between the two soil types above. They were mediiun-
textured (loam), very gravelly, generally non-calcareous, suid slightly 
acidic (average pH 6.2; range 5-7 to 6.9). Two types of profiles were 
recognized for the quartzitic soils: 1) Inceptisols (Typic Cryochrepts) 
and Entisols (Typic Cryorthents) on the south slope and the drier north 
slope plots with an 01-Al (ochric) -C horizon sequence on the Entisols 
and an 01-A2-B2c-C on the Inceptisols, and 2) Inceptisols (Andic 
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Cryochrepts) on the moist north slope sites with an 01-A2 (incipient) -
Bir-C horizon sequence. The A horizons in the first group were morpho-
logicsQ-ly similar. An example of each of these profiles is presented 
below. Other soils, of which the first description is representative, 
had thicker A2 horizons (average 15 centimeters) and may not be as cal­
careous at depth. The description of the soil with the Bir horizon is 
fairly representative. 
TYPIC CRYOCHREPT: LOAMY SKELETAL, MIXED, FRIGID 
Location: SW??, NE^, Section 32, T.13N., R.lUW. 
Habitat type: Abies lasiocai^a/Linnaea borealis ^ ^ 
Parent material: Quartzite (some micaceous) Aspect: SIC W (190 ) 
Elevation: 1720 meters Slope: 22 percent 
Horizon Depth (cm.) Description 
01 5-0 Decomposed forest litter from Abies laslocarpa, 
Pinus contorta, and Pseudotsuga menziesii and 
undergrowth plants. 
A2 0-10 Dark brown (lOYR U/3) very gravelly loam (52^ 
gravel, 37% sand, k9% silt, lh% clay), light 
brownish-gray (lOYR 6/2, dry); weak, fine, platy 
structure; soft, very friable, slightly sticky 
and slightly plastic; abtindant fine roots; 
slightly acid (pH 6.2); non-calcareous; clear, 
irregular boundary. 
B1 10 - 6l Brown (lOYR 5/3) very gravelly loam (52% gravel, 
sand, U2^ silt, l6j5 clay), pale brown 
(lOYR 6/3, dry); weak, fine, blocky, breaking 
to weak, fine, grsuiular structure; soft, very 
friable, slightly sticky and slightly plastic; 
abundant fine roots; slightly acid (pH 6.2); 
non-calcareous; clear, irregular boundary. 
B2c 6l - 97 Dark brown (lOYR U/3) very gravelly loam (52J5 
gravel, H5^ sand, 39^ silt, l6^ clay), pale 
brown (lOYR 6/3, dry); moderate, medium, sub-
angular blocky structure; slightly hard, fria­
ble, sticky and plastic; few roots; neutral 
(pH 7.0); very slightly calcareous; gradual, 
irregxxleu: boundary. 
1»6 
C 97 - 107+ Pale brown (lOYR 6/3) very gravelly sandy loam 
(57^ gravel, 60^ sand, 2k% silt, l6% clay), 
very pale brown (lOYR 7/3, dry); massive; soft, 
friable, slightly sticky and slightly plastic; 
few roots; neutral (pH 7.3); strongly calcareous. 
ANDIC CRYOCHREPT: LOAMY SKELETAL, MIXED, FRIGID 
Location: NEic, SVft;, Section 5, T.12N., R.lUw. 
Habitat type: Abies lasiocarpa/Xerophyllum tenax 
Parent material: Quartzite (some micaceous) Aspect: N35°E (35°) 
Elevation: I89O meters Slope: 21 percent 
Horizon Depth (cm.) Description 
01 U - 0 Decomposed forest litter from Abies lasiocarpa, 
Pinus contorta, and Pseudotsuga menziesii and 
undergrowth plants. 
A2 0 - U Brown (lOYR 5/3) very gravelly loam, pale brown 
(lOYR 6/3, dry); weak, fine, platy structure; 
soft, very friable, nonsticky and nonplastic; 
abundant fine roots; slightly acid (pH 6.1); 
non-calcareous; clear, irregular boimdary. 
Bir U - 2U Dark brown (7.5YR U/U) very gravelly loam (70^ 
gravel, kOfi sand, U6/? silt, lk% clay), yellowish-
brown (lOYR 5/^, dry); weak, fine, crumb struc­
ture; soft, very friable, slightly sticky and 
slightly plastic; abundant fine roots; slightly 
acid (pH 6.1); non-calcareous; clear, irregular 
boimdary. 
C 2l» - 51+ Brown (lOYR 5/3) very gravelly coarse sandy loam 
(93^ gravel, 63^ sand, l6^ silt, 21^ clay); pale 
brown (lOYR 6/3, dry); massive, weathered beds; 
soft, very friable, nonsticky and nonplastic; 
few roots; slightly acid (pH 6.2); non-calcareous. 
Chemistry 
The kind and quantity of nutrients available in a soil can have 
a direct Influence on plcmt growth. Some elements are necessary for 
chlorophyll production (magnesium, manganese, iron, zinc) while others 
are important in phosphate transport (magnesiTjm), meristem and root tip 
•jjrowth and the cementing of the middle lamella (calcium), synthesis of 
amino acids and proteins (potassium), and the production of enzymes (copper). 
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TABLE 5 
SUMMARY OF KEY SOIL MORPHOLOGICAL FEATURES OF LIMESTONE, 
GRANITIC, AND QUARTZITIC SOILS 
Morphological 
feature 
Substrate 
Limestone Granite Quartzite 
Average organic 
horizon thick­
ness (cm.) 
2.3 i+.o k.O 
Common horizon 
sequences 
01-Al-B2c-Cca 
Ol-Al-Cca 
01-Al-C 
Ol-Bir-C 
01-A2-B2C-C 
01-Al-C 
01-Bir-C 
Texture silt loam sandy loeun loam 
Gravel content 
gravelly to 
very gravelly 
slightly 
gravelly 
very 
gravelly 
Soil reaction 
neutral to 
mildly alkaline 
6.5 - 8.0 
medium to 
slightly acid 
5.5 - 6.5 
slightly acid 
to neutral 
5.7 - 6.9 
Calcareousness 
slight to strong 
on surface; 
strong at depth 
none 
none on surface; 
slight to strong 
at depth on 
some profiles 
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Analyses of the levels of extractahles and phosphates on the 
six modal soils shoved all elements to "be in seemingly sufficient qusui-
tities for plant growth with no deficiencies or toxicities. However, 
the limited soil chemical data gathered for this study restricted the 
validity of the conclusions reached. The nutrient levels (tabulated in 
Tahle 6) were compared to those found in soils of the Holloway series.^® 
The copper levels in all three substrate types were high, al­
though these would be expected to be common in the Gsurnet area, where 
copper had been mined. The levels of the other three micronutrients 
(zinc, iron, and manganese) were compeu-able to those found in the 
Holloway series soils. 
Among the macronutrients, sodium was present in very high quan­
tities in the soils of all three substrates, potassium was somewhat 
low in granitic soils, suid magnesium was somewhat low in granitic and 
quartzitic soils. Calcium was low in the granitic suad high in the 
limestone soils. 
The phosphate levels were comparable in the quartzitic soils, 
a little high in the granitic, and low in the limestone soils. The 
low phosphate levels in the limestone soils may res\ilt from the ammo­
nium fluoride-hydrochloric acid extraction procedxire, which is gener­
ally not well-suited for alkaline soils. This method extracts all 
acid-soluble forms of phosphorus, including the phosphate from insolu­
ble calcium phosphate. Therefore, we would expect higher extractable 
phosphate than was actually available. This would imply that the 
phosphate values in the limestone soils were possibly exceedingly low. 
l^Nellie M. Staxk, Research Associate and Professor of Soil 
Science, University of Montana, Missoula, personal commxmication. 
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TABLE 6 
NUTRIENT LEVELS BY SUBSTRATE AND ASPECT 
(t-TEST AT 95% LEVEL) 
South Slope 
Nutrient Average (/(g/g) t-test significance 
Limestone Granite Quartzite L vs. G L VS. Q G vs. Q 
Calcium lOOUO 188 l»37 « 
Sodium 3k9 332 375 
Potassium 233 11+3 215 # 
Magnesium 61; 59 81 « 
Manganese 2.8 10.6 6.7 
Iron 2.8 2.7 3.0 
Copper 1.9 1.8 1.7 
Zinc 0.6 0.6 0.6 
Phosphate 23 200 170 # 
North Slope 
Nutrient Average ^g/g) t-test significance 
Limestone Granite Quartzite L vs. G L vs. Q G vs. Q 
Calcium 7500 172 233 « « 
Sodivim Ul3 331+ 356 
Potassium 1+31 182 251+ * » 
Magnesium 107 28 51 * « 
Manganese 6.0 21.6 101+.6 
Iron 5.0 7.i» 11+.8 
Copper 2.0 1.6 1.5 « 
Zinc 0.6 0.7 1.1 
Phosphate 1»3 123 73 
Nutrient 
Inter - aspect t-test significance 
Limestone Granite Quartzite 
Calcium « » 
Sodivim « 
Potassium « « 
Magnesium « « * 
Manganese 
Iron « » 
Copper 
Zinc « 
Phosphate 
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This method was used in order to keep the extraction procedures consist­
ent on the soils of all three substrates. 
The differences in micronutrient levels between profiles on each 
substrate were genersJ-ly not significant. The copper and iron levels 
between the limestone and quartzitic soils and the manganese content of 
the surface ten centimeters among all three substrates showed signifi­
cant differences only on north aspects. The limestone soils were 
higher in copper but lower in iron and manganese. The difference may 
be a result of the presence of the surface Bir horizon on granite and 
quartzite but not on limestone. 
Among the macronutrients, the levels of potassium, magnesium, 
€uid calcium were all significantly different in the soils of the three 
substrates on both aspects, with soils derived from limestone having 
the highest values and those from granite the least. An exception 
arose in the average magnesium level on the south slope, where the 
queurtzitic soil was higher theui the limestone. Part of the high cal­
cium content in the limestone soil may result from the dissolution 
of calcium from the rocks (free calcium). The phosphate levels were 
different only on the south slope, where the levels in limestone soils 
were significantly lower than those in granitic or quartzitic soils. 
Significant differences in nutrient levels between aspects on 
the same substrate were tested. In the limestone soils, iron, sodim, 
potassium, and magnesium were significantly higher on the north slope 
than the south while calcium was higher on the south. Since the parent 
materials were similar on each aspect, the differences were probably a 
result of leaching or weathering, or possibly a difference in the 
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amount of dolomite in the two soils. In the granitic soils, the potas­
sium was significsuitly higher on the south than on the north aspect eind 
magnesium significantly lower. This probably resulted from the slight 
difference in parent material composition, the one on the south slope 
being higher in magnesium-rich mafic minerals and lower in potassium 
feldspar than that on the north slope. In the quartzitic soils, zinc 
and iron were significantly higher on the north slope while magnesium, 
calcium, and phosphate were higher on the south slope. The differences 
again probably resulted from leaching or weathering effects and also 
from differences in soil morphology (A1 or A2 surface horizon on the 
south slope Md Bir on the north). 
Clay Mineralogy 
The clay mineralogical analysis resulted in the following three 
conclusions based on limited data: l) the limestone soils contained 
smectite and no vermiculite or holloysite, 2) the granitic soils con­
tained vermiculite and holloysite but no smectite, and 3) the quartzitic 
soils contained vermiculite but no smectite or holloysite. The inter­
pretation of these results was difficult due to the many interacting 
factors involved in plant distribution. Further work needs to be done 
to determine whether any clear association exists between the type of 
clay, the underlying substrate, and the plant ecology. Kettler (19T6) 
showed little association between clay mineralogy and tree growth. 
Rock Analysis 
Thin-section analyses confirmed and clarified the general geo­
logic composition described by Kauffman (1963). The mineralogical 
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composition, based on limited sampling of the limestone rocks, was al­
most exclusively calcite (more than 99 percent) vith very minor and 
sporadic hematite stains and some quartz. Very few rocks in these 
soils were foimd to be dolomitic. Kauffmaji (1963) reported analysis 
of the limestone samples to be approximately lij percent calcium oxide 
and four percent ma^esium oxide. 
The main body of the granitic pluton was determined by thin-
section and chemical staining to be of the granite group of igneous rocks 
(formerly quartz monzonite). The oxide composition was probably be­
tween those of alkali granite and granodiorite (Table 7). The miner-
alogical composition was 10 to 15 percent mafic minerals, 20 to 25 
, , - f/; 
percent quartz, 35 to 40 percent potassium feldspar, and 35 to UO 
percent pla^ioclase feldspar. 
Minor stocks of the granitic intrusion, particvilarly the 
smaller ones at the edges of the larger intrusion, were determined 
to be nearer the syenite group of granitic rocks. The mineralogical 
composition of rocks foimd on this substrate was approximately 30 to 
UO percent mafic minerals, 10 to 15 percent quartz, 1^0 to 50 percent 
potassium feldspar, and 5 to 10 percent plagioclase feldspar. Very 
few soil profiles were described on this parent material. 
The quartzitic soils were found to be a mixture of micaceous 
quartzite (60 to 70 percent quartz and 20 to 30 percent biotite mica 
with smears of other minerals) and almost pure quartzite (more than 
99 percent quartz). 
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TABLE 7 
OXIDE COMPOSITION (IN PERCENT) OF THREE GROUPS OF GRANITIC ROCKS 
(HYNDMAN, 1972), LIMESTONE, AND SANDSTONE (SIMILAR TO QUARTZITE 
IN COMPOSITION) (JACKSON, 19614) 
OxiO^e 
— —r 
Alkali 
granite 
f 
Grano- j 
diorite Syenite 
1 
Limestone! 
i 
Sandstone 
SiOg 73.86 66.88 55.38 5.19 78.31 
TiOg 0.20 0.57 0.66 0.06 0.25 
AI2O3 13.75 15.66 21.30 0.81 k.76 
FegO- 0.78 1.33 2.k2l 1.08 
T 0.5U 
FeO 1.13 2.59 2.00 j 0.30 
MnO 0.05 0.07 0.19 0.05 Trace 
MgO 0.26 1.57 0.57 7.89 1.16 
CaO 0.72 3.56 1.98 1*2.57 5.50 
NagO 3.51 ! 3.81t 8.8U 0.05 0.U5 
KgO 5.13 3.97 5.3lt 0.33 1.32 
O.lU ' 0.21 0.19 O.OU 0.08 
0
 
0
 
ro
 0.10 0.10 0.10 5.01+ 
HgO 0.1+7 0.65 0.96 0.77 1.63 
3h 
Moisture Analysis 
Since the summer of 1975 was one of the wettest in Montana's 
history (Steele, 1916), little differentiation in moisture content euid 
availability would be expected. The percent moisture throughout the 
profile dropped below the moisture content at 15 bars (the theoretical 
permanent wilting percentage (PWP)) for more than one week only in the 
north slope profile over limestone and in the south slope profile over 
quartzite. This would imply some degree of moisture stress on the 
plants of these two soils sind little, if any, on the other four modal 
soils. The amount of stress would depend on how much water each plant 
can absorb below the 15 bar limit. 
Moisture stress involves osmotic (salt-induced) as well as matric 
stress (attraction by soil solids). Since the salt content of the lime­
stone soils was much higher than either the granitic or quartzitic soils 
(mostly because of the abundance of calcium salts), some osmotic stress 
may be present. This stress component, however, was not measured and 
so all possible explanations are speculative. 
The moisture data showed significant differences between lime­
stone and non-limestone soils, probably as a result of textural differ­
ences. The moistiire content at 15 bars of pressiure in the south slope 
profile over limestone ranged from 13 to 21 percent while the granitic 
soil on this aspect ranged from 6 to 10 percent and the quartzitic from 
10 to 11 percent (Figure 2). The moisture content through the course 
of the study period showed similar ranges. The average PWP was slightly 
higher on the north slope profile (20 percent) on limestone than its 
counterpart on the south slope (l6 percent), but the range in moisture 
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Figure 2a. The chanj^es in soil moisture at various depths in 
soils derived from granite, limestone, and quartzite on south aspects 
in the Garnet Mountains, Montana during the summer of 19T5. The dashed 
line represents the permanent wilting percentage. 
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Figure 2b. The changes in soil moisture at various depths in 
soils derived from gremite., limestone, and quartzite on north aspects 
in the Garnet Movintains, Montana during the stumner of 1975. The dashed 
line represents the permanent wilting percentage. 
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content durinisf the course of the study was less (23 percent to 32 percent). 
The granitic and quartzitic soils revealed marked differences be­
tween the profiles on each aspect even with the same texture and general 
parent material composition. Part of the explanation was probably topo­
graphic, the variation resulting from differences in insolation and, thus, 
evapotranspiration on each aspect. A probably stronger influence was 
induced by the presence of a brown surface horizon (Bir) on the north 
slope soils, particularly on the quartzitic soil. This soil horizon has 
been characterized as having a low bulk density and a high allophane 
content (Nimlos, 1971), which would result in a higher PWP and moisture 
content in this horizon than in the remainder of the profile. In the 
quartzitic soil, the PWP in the Bir was three times that in the horizon 
below; in the granitic soil, it was two times. 
A similar pattern was evident in the soil moisture content during 
the study periods The Bir in the quartzitic soil ranged from 30 to 60 
percent moisture content while the rest of the profile contained only 
11 to 39 percent moisture. In the granitic soil, the amount of moisture 
was l8 to 30 percent in the Bir horizon compared to 8 to 13 percent in 
the remainder of the soil. The lower parts of these Rranitic and quartz­
itic soil profiles were quite similar in water-holding capacity regard­
less of aspect. 
The quantity and intensity of the sximmer rains affected the a-
mount of water in each profile differentially. Usually the stmnner 
drought results in a steady decrease in soil moisture until autxamn 
rains recharge the soil mantle (MdMinn, 1952). This phenomenon did 
not occur in July and August, 1975 because of the abiindsuit summer 
rainfall (Figure 3). In fact, most profiles showed an increase in 
3.0-
2.0-
1.0-
Ji 
vn 
oo 
Jvme July 
r 
August September 
Date 
Fiffure 3. Daily precipitation in centimeters for summer, 1975 at the 
Greenough Post Office (Steele, 1976). Soil moisture data collected on the 
dates denoted by |. 
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moisture content at the end of August (Figure 2). 
The most marked differences in water content between the sur­
face and subsurface horizons occurred in the north slope quartzitic 
soil profile. The other soils showed similar surface-subsurface pat­
terns with time. The changes in subsurface moisture content, however, 
were more subdued. 
Although no outstanding differences in moisture levels have 
been shown differentiating the soils on the three substrates, such 
strong differences surely exist. Even in such an extremely wet year, 
moisture may still be a key factor affecting plant distribution on 
these soils. Analysis of moisture levels in a normally di-y year is 
needed to test the hypothesis that parent material plays a major role 
in the availability of moisture for plants. 
Soil moisture effects. At the conclusion of the original 
study, three areas abundant in Pini^ contorta were found on limestone-
derived soils. Investigation was undertaken to determine the causes 
for such a phenomenon since only one tree of this species was found 
on all of the other plots on limestone soils. Except that two of the 
profiles had Bir surface horizons, the soils were generally similar 
to the limestone soils already described. The vegetation, on the 
other hand, was more closely eJcin to the moist-site quartzite and 
grsuiite vegetation. 
On each of the three sites, some combined property of soils 
and topography was fomd to cause an increase in soil moisture. Al­
though higher precipitation can effect the same consequence and allow 
the presence of Pinu^ normally droughty soils, no differ­
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ence in such meteorological conditions was apparent. The methods for 
increasing soil moisture at these sites were: l) impeded drainage due 
to impermeable rock or horizons of high clay content and 2) increased 
drainage and accumulation of water into an area by overland or lateral 
flow from higher elevations. 
In one plot the horizon at 10 to 20 centimeters contained 33 
percent clay (clay loam texture) while the A1 above had a silt loem 
texture with 17 percent clay. Another plot also had horizons of high 
clay content (26 percent). These horizons may not have impeded the 
downward movement of soil water as much as in the first site, but the 
topographic position of this second site in a basin allowed for in­
creased moisture input. In the third site, roots were found only in 
the non-calcareous materials above 33 centimeters. In root channels 
below this depth, evidence of gley was present indicating the imped­
ance of drainage by materials below. 
This prevention of percolation was theorized by Howell (1931) 
to explain the distribution of Pinus contorta in depressions on Pinus 
ponderosa sites in California. These depressions were underlain by a 
high concentration of colloidal ia$|;erial, generally impervious to 
water, causing the formation of a :t>erched water table, and, thus, 
allowing the growth of Pinus contorta on a generally dry site. Howell 
also noted the adaptation of Piniis^ contorta roots to this soil condi­
tion. Holdorf (personal coimiunication) has associated the presence of 
Pinus contorta on calcareous glacial material in Montana to the imped­
ance of drainage by impermeable rocks \mderlying the glacial debris. 
In Alberta, Pinus contorta was found on calcareous soils. Most 
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of the roots, however, were in the top l8 centimeters of soil which was 
slightly acidic (Ogilvie, 1961). Below this depth, soil reaction was 
slightly to moderately alkaline. 
Based on this evidence, it may be concluded that moisture might 
be the limiting factor restricting Pinus contorta from limestone soils 
and not the limestone material itself, especially since this species 
can grow on other calcareous materials. Limestone may only limit the 
moisttire availability. Phosphorus may be deficient in limestone soils, 
but in Montana, water deficiency is generally more critical.There­
fore, if there is enough precipitation or a means of increasing or re­
taining moisture in the soil, Pinus contorta can grow on soils formed 
from limestone bedrock. 
Vegetation 
Introduction 
IP The vegetation on soils derived from limestone bedrock was in 
sharp contrast with that on granitic eind quartzitic parent materials. 
The most obvious differences occurred in the distribution of the fol­
lowing species: Pseudotsuga menziesii, Pinus contorta, Abies lasiocarpa, 
Linnaea borealis, Vaccinium globulare, V. scoparium, Xerophyllxim tenax, 
Calamagrostis rubescens, but they were also mso-ked in the cover 
provided by each life form, in the total vegetal cover, and the habitat 
types associated with each substrate. The vegetational communities on 
^%oldorf, personal communication. 
^^For the ssike of brevity, the following expressions will be 
considered synonymous in this report: plants growing on soils derived 
from limestone bedrock, vegetation on soils derived from limestone, 
limestone plants, limestone vegetation. Similarly for granite, 
quartzite, and non-limestone (granite and quartzite together). 
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limestone and granite were most sharply dissimilar. They had no habi­
tat types in common and there was a wide separation in the ordination 
of the stands on these substrates. The vegetation on quartzite cov­
ered almost the entire range of habitat types end the ordination. The 
wet sites corresponded to those on granite; those on dry sites were 
similar to sites on limestone. Tables 8, 9» and 10 provide comparative 
data on the vegetation of each of the three substrates. 
Limestone 
The overstory vegetation on the limestone substrate was domi­
nated almost exclusively by Pseudotsuga mery^iesii, providing 3^+ percent 
relative cover. This species generally occurred in open stands and 
accounted for over 99 percent of the tree cover. Compared to their 
occurrence on granite sind quartzite, Pinus contorta, Abies lasiocarpa, 
Picea engelmannii, and Larix occidentalis Nutt. were noticeably lacking 
except for one Pinus contorta tree on one plot and several Abies lasio^-
carpa seedlings on another (Plate II). 
Shrubs occupied a very minor percentage of the floristic compo­
sition on limestone, accounting for only seven percent relative cover. 
Only two species were somewhat important; Berberis repens Lindl. and 
Symphoricarpos aJ.bus (L.) Blake. Vaccinium globulare, Arctostaphylos 
uva-ursi (L.) Spreng., Linnaea borealis, and Vaccinium scoparium 
played negligible roles in the community structure compared to their 
roles in the granitic and quartzitic plant communities. 
The forb component of the vegetation was predominant on lime­
stone, particularly in species diversity. Only two (Collinsia p_arvl_-
flora Lindl. and Fragaria vesca L.) of the 51 forb species found in 
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TABLE 8 
RELATIVE Arm AVERAGE CANOPY COVERAGE OF iriPORTANT SPECIES 
(GREATER THAN ONE PERCENT COVER ON ANY SUBSTRATE), 
INCLUDING t-STATISTIC, BY SUBSTRATE IN THE GARNET MOUNTAINS, MONTAIfA 
Relative Coverage Average Coverage 
Species (percent) Covera<3:e (percent) t-teat significance 
Limestone Granite Quartzite Limestone Granite vOuartzitG L- G L- Q G - Q 
Pseudotsuga nenziesii^^ 31.0 6.8 12.1 57.2 16.1 25.6 « 
Pseudotsuga menziesii^ 3.2 U.8 9.2 6.0 11.u 19.5 » 
Pinus contorta^ 0.0 9.8 U.6 0.0 23.1 9.8 « « 
Pinus contorta^ 8.5 3.U 20.2 7.1 « « ft 
Abies lasiocarpa^ 3.7 0.9 8.7 1.8 
Abies lasiocarpa^ 0.0 i*.5 1.7 0.0 10.7 3.7 
TOTAL TREES (6) 3 h , 2  ii2.1 32.9 63.3 99-7 69-7 
Arctostaphylos uva-ursi 3.6 0.6 8.5 1.3 « 
Berberis repens 2.5 0.1 0.6 U.6 0.2 1.3 
Linnaea borealis 0.7 7.7 0.6 1.3 18.1 1.3 « If 
Symphoricarpos albus 2.1 1.3 3.9 2.7 * 
Vaccinium globulare 0.7 9.1 i6.2 1.3 21.6 3U.3 * « 
Vaccinium scoparitim 13.9 6.2 — 32.9 13.1 « « « 
TOTAL SHRUBS (22) 7.2 39.2 27.3 1 3 . h  92.7 57^9 
Antennaria racemosa h . l  0.2 l . k  7-5 0.5 2.2 
Arnica cordifolia k , 3  0.5 1.5 8.0 1.3 3.1 « 
Arnica latifolia 7.2 2.8 5.9 13.3 6.6 12.5 
Aster conspicuus 6.1 0.0 0.8 11.2 0.1 1.9 
Astragalus miser 2.8 1.1 0.1 5.2 2.7 0.3 » 
Chimaphila imbellata 0.1 0.5 0.6 0.2 1.1 1.2 « 
Erythronium grandiflorum 0.2 0.7 0.3 1.5 » 
Lupinus laxiflorus 0.6 3.1 1.2 6.5 
Thalictrum occidentale k , h  0.1 0.7 8.2 0.3 l . k  
Xerophyllum tenax 0.1 8.9 9.1 0.1 21.0 19.2 « « 
TOTAL F0R3S (51) 33.2 15.3 25.2 61.14 36.2 53.U 
Calamagrostis rubescens 23.3 2.1 13.7 h 3 . 2  5.0 29.1 * 
Carex geyeri 1.8 0.6 O.U 3.3 l . k  0.9 
TOTAL GRAMINOIDS (6) 2 5 . h  I k . 6  U7.I 8.0 30.9 
GRAilD TOTAL (85) 100.0 100.0 100.0 185.2 236.6 212.0 
^Subscript "o" implies the coverage for that species' overstory. The 
subscript "u" implies the coverage for that species' understory. 
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TABLE 9 
HABITAT TYPE DISTRIBUTION ON SOILS DERIVED FROM LIMESTONE, 
GRANITE, AND QUARTZITE IN THE GARNET MOUNTAINS, MONTANA 
Habitat ^ype (Pfister et al., 19lk) Limestone Granite Quartzite 
Pseudotsuga menziesii/Carex geyeri 1 
P. menziesii/Calamagrostis rubescens 11 3 
P. menziesii/Symphoricarpos albus 3 1 
P. menziesii/Vaccinium globulare 1 
P. menziesii/Xerophyllum tenax 2 3 
Abies lasiocarpa/Linnaea^ borealis 9 2 
A. lasiocarpa/Xerophyllum tenax 3 3 
A. lasiocarpa/Menziesia ferruginea 1 2 
TABLE 10 
RELATIVE COVERAGE, AVERAGE COVERAGE, AND SPECIES DIVERSITY ACCORDING 
TO LIFE FORM ON SOILS DERIVED FROM LIMESTONE, GRANITE, AND 
QUARTZITE IN THE GARNET MOUNTAINS,MONTANA 
Substrate 
Life Form 
Trees Shrubs Forbs Graminoids TOTAL 
LIMESTONE 
Relative coverage (%) 3h 7 33 25 100 
Average coverage (%) 63 lU 6l hj 185 
Number of species 3 13 50 6 82 
GRANITE 
Relative coverage {%) k2 39 15 3 99 
Average coverage {%) 100 93 36 8 237 
Number of species 5 ik 20 k h3 
QUARTZITE 
Relative coverage (%) 33 27 25 15 100 
Average coverage {%) 70 58 53 31 212 
Nvmber of species 6 16 37 k 63 
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Plate II. Typical vef3;etational structure overlyinf^ limestone 
bedroc!: in the Garnet Mountains- open stands of Psejado'^URa rnenziesii 
with CalamaRrostis rubescens dominatinc the undergrowth. 
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the study area were absent from limestone soils. In comparison, 37 
forbs were found on quartzite and only 20 on granite. Forbs constituted 
almost one-third of the relative cover on limestone. The principal 
forbs in order of decreasing abundance were Arnica latifolia. Aster 
conspicuus Lindl., Thalictrum occidentale Gray, Arnica cordifolia, and 
Antennaria racemosa. Xerophyllum tenax was foimd only in trace amounts. 
The graminoids covered over one-fourth of the limestone plots 
with Calamagrostis rubescens composing over 90 percent of this fraction. 
The other five graminoids in the study area were also found on lime­
stone. Calamagrostis was fairly abundant on quartzite and granite but 
less so than on limestone. 
The habitat types on limestone were generally the driest in the 
study area. These were principally Pseudotsuga menziesii/Calamagrostis 
rubescens with some plots classified as P. menziesii/Symphoricarpos 
albus and one as F. menziesil/Carex geyeri. 
Granite 
The vegetation on granite was composed of apparently the moistest 
site species. The most prominent tree species was Pinus contorta, al­
though Pseudotsuga menziesii and Abies lasiocarpa were also important. 
Of the three substrates, granite had the greatest relative tree cover 
(k2 percent). Actual average tree cover was almost 100 percent. 
The shrubs also constituted over 90 percent average cover, 
accoTinting for 38 percent relative cover. The principal shrubs were 
of the Ericaceae: Vaccinium scoparium, V. globulare, and Arctostaphylos 
u'a-ursi. Linnaea borealis was also a dominant subshrub. 
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The forbs smd graminoids played a minor role in the floristic 
composition on granitic soils. Together, they occupied about one-
fourth of the relative cover. Xerophyllum tenax and Calamagrostis 
rubescens were the prominent non-woody plants. 
The average cover was greater on granite (237 percent) than 
either quartzite (212 percent) or limestone (185 percent). The habitat 
types were in the Abies lasiocarpa series or the moist, cold part of 
Pseudotsuga menziesii series (Pseudotsuga menziesii /Xerophyll\im tenax). 
Quartzite 
The vegetation on quartzite was intermediate or encompassed the 
entire range of values between the vegetation on the limestone and the 
granitic substrates. Coverages of trees, shrubs, forbs, and graminoids 
were all intermediate between the values on granite and limestone, with 
granite being higher in the tree and shrub composition and limestone in 
the forbs and graminoids. 
All six tree species were included on the plots on the quartzite 
substrate with Pseudotsuga menziesii, Pinus contorta, and AbJ.(^s lasio­
carpa playing the dominant roles. More shrub species were present on 
quartzite than on either of the other substrates. Relative cover of the 
shrubs was 27 percent, principally Vacciniuni globulare and V. scopeo'ium. 
Forbs produced a relative cover of 25 percent and graminoids 15 
percent. Xerophyllum tenajc, Antennaria racemosa, and Calamagrostis 
rubescens were the dominant plants in these groups. 
The vegetation on quartzite occupied a broad range from the 
d,*iest-8ite plants and the driest habitat types in the area (Pseudotsuga 
menziesii/Calamagrostis rubescens) to the coolest, moistest-site habitat 
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types (Abies laslocarpa/Menzlesla ferruglnea). 
Summary 
The greatest total species diversity in the study area occurred 
on limestone soils and the least occurred on grsuiite. Of the 85 spe­
cies found in the study Bxea, 82 vere present on limestone, ̂ 3 on gran­
ite, and 63 on q:uartzite. 
Even though granite had only about half of the species diversi­
ty as limestone, it had greater total cover than either limestone or 
quartzite. The cover of each life form was very different, however. 
Granite was highest in tree and shrub cover and lowest in forb and 
graminoid cover. Limestone was highest in forb emd graminoid cover 
and 8ilso high in tree cover. Shrubs represented on limestone by far 
the smallest proportion of cover than on either of the other substrates. 
Quartzite was intermediate in average cover values in all life forms. 
On limestone and quartzite, the dominant tree species was 
Pseudotsuga menziesii; on granite that position was held by Pinus 
contorta. Essentially no Pinus contorta or Abies lasiocarpa occurred 
on limestone; on granite €uid quartzite, these species together main­
tained 26 percent auid 11 percent cover respectively. 
The dominant shrubs on limestone were Berberis repens and 
Symphoricarpos albus. On granite they were Vaccinium scoparlum and 
V. globulare, and on quartzite the Vaccinium species in reverse order. 
—• globxilare occupied less than one percent cover on limestone euid 
V. scoparlum was not even present. Berberis was present in trace 
anounts on granite and queurtzlte while Symphor1carpos was not present 
on granite and composed only one percent cover on quartzite. 
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The dominant forb on granite and quartzite was Xerophyllum 
tenax. This species occupied less than one percent of the coverage 
on limestone, which was dominated by Arnica latifolia in the forb 
component. This species was common on granite euid quartzite as well. 
Calamagrostis rubescens was the principal graminoid on all 
three substrates, although it was most prominent on limestone. 
Four species on limestone had more than five percent relative 
cover and constituted 70 percent of the coverage. This distribution 
was indicative of the species diversity on limestone - many species 
with little cover each. These four species were Pseudotsuga menziesii. 
Arnica latifolia. Aster conspicuus, euid Calamagrostls rubescens. On 
quartzite seven species had more than five percent relative cover for 
80 percent of the coverage. These were Pseudotsuga menziesii, Pinus 
contorta, Vaccinium globulare, V. scoparium. Arnica latifolia, Xero­
phyllum tenax, and Calamagrostls rubescens. Granite had seven species 
for 82 percent relative cover: Pseudotsuga menziesii, Pinus contorta, 
Abies lasiocarpa, Vaccinim scoparlimi, V. globulare, Llnnaea borealis, 
Xerophyllxan tenax. Only Pseudotsuga menziesii and Arnica latifolia 
represented more than five percent relative cover on all three substrates. 
Stand Characteristics 
Basal Area 
Significant differences in the basal area of Pseudotsuga men­
ziesii were present among the three substrates, with limestone having 
the greatest basal area and granite the least. For all trees combined 
(total basal area), however, no difference among the substrates was 
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found. Limestone still had the ic^eatest basal area (28 m^/hectare); 
both granite and quartzite were 15 percent lower. Stand ages were 
approximately equivalent. 
Basal area determined using the variable plot method was slight­
ly higher than the corresponding fixed plot value on all three substrates, 
but these differences were not significant. The increase on the variable 
plot may result from trees 2.5 to 10 centimeters in diameter which were 
counted there but not on the fixed plot. 
Site Index 
Using the 50-year base curves, the site index for Pseudotsuga 
menziesii was low to average on all three substrates, ranging from 20 
to 60. Limestone stands had the highest average site index (51)» which 
was significantly higher than the average on granite (36). Stands on 
quartzite had an average site index of UU. The index for Pinus contorta 
was about 37 in the stands on both grsmite and quartzite where it was 
present. Based on limited data, little difference in site index was 
indicated between habitat types on the same substrate. 
The inter-substrate differences for basal area and site index 
probably did not result from differences in successional stage since 
over 70 percent of the stands were considered mature. The twelve 
stands in earlier stages of succession (80 to 120 years old) were evenly 
distributed among the three substrates. Only one stand was less than 
50 years old. 
Ordination of Stands 
The Index of Similarity ordinations indicated marked differences 
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betveen limestone and granite. Limestone stands were clustered and 
isolated in the apparently dry section of the ordinations while granite 
was associated with a similar pattern on the moist sites. The stands 
on these two substrates were widely separated. The quartzite steuids, 
on the other hcuid, were distributed throughout the ordinations, but 
skewed toward the moist end (Figxires 1» and 5). 
The clustering probably indicated a relative homogeneity in 
stand structure on limestone and granite, which wets entirely absent on 
quartzite. The stands on this latter material represented the entire 
range of stand composition, although most of them were moister than 
stands on limestone. This vegetational variability in stcmds over 
quartzite may result from greater vauriability in the soils and peurent 
rock compared to limestone and granite. The finer than normal textures 
of these soils may improve their fertility, which is generally very low 
on this substrate. In addition, the proximity of some of the sites to 
limestone may affect their vegetative composition. More reseeirch needs 
to be done to account for such apparent variability in the vegetation 
over quartzite. 
The habitat types showed a distinct separation between the dry 
Pseudotsuga menziesii sites (P. menziesii/Calama^rostis rubescens, P. 
menziesll/Symphoricarpos albus, P. menziesii/Carex geyeri) in the lower 
left and the moist Abies lasiocarpa euid Pseudotsuga menziesii sites 
(Abies lasiocarpa/Menzlesia ferriiginea, Abies lasiocarpa/Linnaea borealis, 
Abies laslocarpa/Xerophyllum tenax, Pseudotsuga menziesii/XerophyHum 
tenax) in the upper right. Within these two relatively broad areas of 
tne ordination diagram, however, little differentiation occurred (Figure 6). 
Symphoricarpos albus 1 22 2 1 T 311 T 1 
Aster conspicuus 1 T T 115 TT 1 Ullll T T T 1 2 T TT 1 
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Xerophyllum tenax T T 2 2 31 22 k 22322+2 k 322 3 32 2h2 2 
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Figtire U. One-dimensional ordination of coveraraie classes for important species 
on soils derived from limestone (L), granite (G), and quartzite (Q) in the Garnet 
Mountains, Montana, 
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Figure 5. Ordination of stands on soils derived from limestone (L), granite (G), 
and quartzite (Q) in the Garnet Mountains, Montana. 
P/Ci ss Pjaeudotstiga menzlesli/Carex geyeri 
P/S » P. menzlesll/Symphoricarpos albus 
P/C = P. menzlesli/Calamctfcrostis rubescens 
P/V = P. menziesii/Vaccinlum Rlobuleure 
P/X = P. menziesii/Xerophylltan tenaa 
~ Abies lasiocarpa/Linnaea borealis 
A/X = A. lasioearpa/XeroplxYllum tenax 
A/M = A. iasiocarpa/Menziesia femigiaea 
c|7x> 
lAZx] 
(aZ2 gzx) 
Ml 
IIZx] 
(|7g) 121] 
:p7S 
/C 
Cp/^ <m> 
SZB 
CgG> 
jm 
Figure 6. Ordination of habitat types on soils derived from limestone, granite, 
and quartzite in the Garaet Mountains, Montana. 
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The lack of separation in these small geographic areas may re­
sult from the variation in stand composition of a particular habitat 
designation and also from the broad geographical and topographical range 
in which the habitat types in Montana were compiled and established. 
The scale of habitat type designation may not be explicit enough to dif­
ferentiate the subtle differences in vegetative communities in the small 
stu^ area. This difficulty was probably particularly true among such 
prevalent habitat types as Pseudotsuga/Calamagrostis, Abies/Xerophyllvun, 
Abies/Menziesia. The general sequence of prominent species from the 
dry limestone sites to the moist granitic sites based on abundance was 
the following: Calamagrostis rubescens, Arnica la-y^fqy^ Linnaea borestlis, 
Xerophyllum t_^aa, Vaccinim globulare, Pinus contort a, Vaccinlum sco-
parium, Abies lasiocarpa. Pseudotsuga menziesii seemed to be fairly well 
distributed on all sites (Figure Ta-p). Most of the differences in spe­
cies distribution probably resulted from parent material differences; 
some effect may have been caused by minor random differences in the 
stage of plant succession. 
The distribution of soil surface mineral horizons was not com­
pletely conclxxsive. Soils which were calcareous and had an A1 surface 
horizon were present in the dry areas while the non-calcareous soils 
with the Al, A2, or Bir surface mineral horizon were on the moist loca­
tions. The general distribution of the Bir horizon suffered some iso­
lation in the center of the moist area. Also, all Bir horizons were 
associated with the Abies lasiocarpa habitat types while the habitat 
types over the Al or A2 horizons were either Pseudotsuga menziesii or 
Abies lasiocarpa (Figure 8a-c). 
Abies laslocarpa PseudotsuRa menziesii 
Pinus contorta Arctostaphylos uva-ursi 
Figure 7a.-d. Ordination of individual species in stands on soils derived from limestone, 
granite, and quartzite in the Garnet Mountains, Montana (numbers indicate coverage classes). 
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Figtire 7e-h. Ordination of individual species in stands on soils derived from limestone, 
granite, and quartzite in the Garnet (fountains, !tontana (numbers indicate coverage classes). 
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Figure 8a-c. Ordination of soil surface minereil horizons in soils derived from limestone, 
granite, and quartzite in the Garnet Movmtains, Montana. 
CHAPTER IV 
DISCUSSION 
Soils 
Soils derived from limestone bedrock and the vegetation which 
they support stood in sharp contrast from the soils-vegetation regime 
on p:r8uiite, in particular, but also from quartzite. Limestone soils 
were distinguished by the following: l) a thin organic horizon over a 
thin, dark A1 minereJ. horizon, 2) calcareousness throughout the pro­
file- very slight to strong at the surface and strong at depth, 3) a 
neutral to jilkaline pH, U) high calcium and low phosphate contents, 
and 5) fine texture and a correspondingly high permsuient wilting per­
centage and moisture content. 
Soils derived from granitic and quartzitic rocks, on the other 
heind, had the following characteristics; l) a light-colored A1 or A2 
or brown 3ir mineral horizon below a thick organic horizon, 2) generally 
non-calcareous, 3) acidic to neutral pH, U) low calcium and fairly high 
phosphate contents, 5) medium to coarse texture, and 6) a low permanent 
wilting percentage and moisture content except for the Bir horizon. 
Many of the physical featiires of the limestone substrate which 
have a direct influence on the soil have been discussed in the litera-
txire review. The high base status restilting from the abundance of cal­
cium and the solubility of this rock in weak acids and the fine texture 
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of the soils produced are the main factors causing the pH differences, 
the reduced free water content, and the low phosphate content (due to 
its insolubility at high pH levels after the formation of calcium 
phosphates). The impermeability of the granite and the quaurtzite pre­
vent the loss of free water from the profile during snowmelt.^^ The 
low base status of these rocks, as well as their coarse texture, allow 
for the acid condition of the soils derived from them. 
Soils - Vegetation Interaction 
Soils derived from limestone are generally droughty, resulting 
in open stands of timber, the spacing dependent on the amount of soil 
moisture. Pseudotsuga menziesii, with a deep, fast-growing root sys­
tem is more drought-tolerant, particularly as a seedling, and is thus 
much better adapted to these soil conditions than is Pinus contorta 
and thay grow there by default (Bates, 1923). Although Pljyis ponderosa 
is a dry-site species, it was not present on the study plots, probably 
as a result of limitations due to cold temperatures. 
Soil chemical factors may have an effect on the distribution 
of plants. The low phosphate content or the high calcium content may 
have resvilted in a phosphate deficiency in Pinus contorta seedlings, 
thus inhibiting or preventing their growth on limestone soils. This 
possibility has never been proven. For shallow-rooted plants, such 
as the Vaccinium species, the surface pH may be the key to their dis-
1 u tribution. When Vaccinium was present on the limestone sites in 
I'S 
Holdorf, personal communication. 
^'^Holdorf, personal communication. 
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this study, the surface soil pH vas neutral to slightly acidic. 
The reduction in the surface reaction or the abundance of soil 
moisture may cause the appearance of generally non-limestone plants on 
limestone soils. Where Firms contorta occurs on limestone substrates, 
its presence is probably a result of increased soil moisture due to 
microrelief or geographic location, impeded drainage due to subsurface 
horizons of high clay content, or moisture accumulation due to over­
land or lateral flow of water to basins or depressions. Furthermore, 
soil reaction may be important to Pinus contorta seedling establishment. 
Vegetation 
Competition may be a key factor in plant distribution on lime­
stone soils. This may accoimt for the reduced shrub component on these 
soils. Many grasses, Calamagrostis rubescens in particular, which were 
abundant on soils derived from limestone bedrock, are vigorous competi­
tors. Where there is sufficient moisture, however, the Ericaceae shrubs 
can out-compete Calamagrostis rubescens over a period of many years un­
der a developing forest canopy.On the Pseudotsuga menziesii/Calama-
grostis rubescens habitat type, generally few shrubs are present regard­
less of the underlying parent material (Pfister et al., 197'+). Although 
this may explain the low shrub cover on limestone soils in this study, 
the limestone habitat types were still of a much more droughty nature 
than the habitat types found on granitic or quartzitic soils on similar 
topographic sites. 
The sharp differences between limestone and granitic soils and 
vegetation was portrayed in the analysis of two plots on these substrates 
^^Stephen F. Arno, Plant Ecologist, Forestry Sciences Laboratory, 
Missoula, Montana, personal communication. 
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of almost identical aspect, elevation, slope steepness, and slope posi­
tion (Tatle 11). Only the substrate was not constant. The limestone 
soil (plot L5) having a loam texture was moderately alkaline and strong­
ly calcareous with an 01-Al-B2c-Cca horizon sequence. The vegetational 
community was composed of an open Pseudotsuga menziesii stand dominated 
by Calamagrostis rubescens in the undergrowth. The habitat type was 
Pseudotsuga/Calamagrostis• The granitic soil (plot G5) 90 meters to the 
west was slightly acid (70 times higher hydrogen ion concentration than 
L5) and non-calcareous with em Dl-Bir-C horizon sequence and a sandy 
loam texture. The overstory was predomineuitly Pinus contorta and the 
undergrowth composed principally of Vaccinium scoparium, Xerophyllum 
tenax, and Linnaea borealis. The habitat type was Abies lasiocarpa/ 
Linnaea borejilis. The proximity of these sites and their contrast in 
vegetation and soils revealed quite clearly the effects of parent 
material on these two components of the ecosystem. 
The vegetation on limestone, granite, axid quartzite was as 
equally contrasting as their soils. The vegetation on the limestone 
soils was characterized by open, parklike stands of Pseudotsuga men­
ziesii, few shrubs, and a high cover of forbs and grasses, particularly 
Calamagrostis rubescens. Moist-site species, such as Pinus contorta, 
Abies lasiocarpa, Vaccinium globulare, V. scoparim, Linnaea borealis, 
and Xerophyllum tenax, which were generally abundant on granite and 
quartzite, were either absent or uncommon on limestone soils on simi­
lar aspects emd elevations. Since limestone soils are generally more 
droughty, when they do support similar vegetation as on granite or 
quartzite, it occurs at higher elevations vmder higher precipitation 
(Whittaker and Niering, 1968). 
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TABLE 11 
COMPABISON OF PROMINENT TOPOGRAPHIC, SOILS, AND VEGETATIONAL 
FEATURES OF ADJACENT PLOTS ON SOILS DERIVED FROM 
LIMESTONE AND GRANITE NEAR COLOMA, MONTANA 
Feature Limestone (L5) Granite (G5) 
TOPOGRAPHY 
Elevation (meters) 1800 1800 
Aspect (degrees) S10°E S05°W 
Slope steepness (percent) 2h 29 
SOILS 
Diagnostic horizons 01-Al-B2c-Cca 01-Bir-C 
Texture gravelly 
loam 
gravelly 
sandy loam 
Average pH 7.9 6.3 
Calcareousness strong none 
Calcium level ^g/g) lOOl^O 188 
Phosphate level ^g/g) 23 200 
VEGETATION (coverage classes) 
Pinus contorta 0 3 
Pseudotsuga menziesii 1» 2 
Linnaea borealis 0 3 
Symphoricarpos albus 2 0 
Vaccinium globulare 0 2 
Vaccinium scoparium 0 3 
Xerophyllum tenax 0 2 
Calamagrostis rubescens 3 2 
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Recommendations 
This study showed that at similar topographic positions, defi­
nite differences occurred in plant distribution and community structure 
according to the underlying substrate. It cannot be concluded neces­
sarily that a "limestone vegetation" exists, only that certain plants 
were restricted to or from soils derived from limestone bedrock in this 
geographic area, on this type of limestone, at this elevation, eind un­
der this climatic regime. The principal reason for such a conclusion 
is the extreme variability in limestone soils due to the highly vari­
able content euid types of impurities within limestone rocks. 
The objective of this study was not to determine the causes for 
the differences in plsmt distribution, only to show that such differences 
existed. Avenues for further research, however, were explored briefly 
in the course of the study with the hopes of engendering some interest 
/ 
for additional study. These possible causes include intersubstrate 
differences in soil moisture, chemistry, and clay mineralogy. 
The results of this study, therefore, demonstrate the need for 
further research on the limestone substrate-soil-vegetation regime in 
the following areas: l) on different types of limestone rocks- perme­
able versus impermeable, Cambrian versus Devonian and Mississippian, 
differences in amount and type of imp\irities, 2) in different geo­
graphic and climatic regimes and vegetation types, 3) at different 
elevations (more than 500 meters relief), and in different moisture 
regimes. The moisture distribution in limestone soils needs to be 
n.^nitored continuously from snowmelt in the spring until the snow 
accumulates in the autumn. These moisture patterns should then be 
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compared with similarly monitored s\xrrounding non-limestone soils, 
which may have free water held above the impermeable rocks and available 
for plant growth during the spring and s\immer. Such a study would de­
monstrate or deny the theory postulated by Holdorf that little free wa­
ter exists in soils derived from limestone bedrock which results in a 
limited moisture supply for the growth of plants,which must depend on 
the moisture held against the force of gravity. 
Work needs to be done on the nutrient status of plants and soils 
on limestone bedrock. What are the effects of leaching and weathering? 
Is there a difference in nutrient content in the foliage of Pseudotsuga 
menziesii and other species according to substrate? Is the process of 
plant uptake any different on limestone compared to other rocks? How 
does soil fertility affect plant distribution, especially phosphate 
levels? Do calcareous sedimentary rocks or glacial till produce the 
satae distinctive plant communities? Since Pinus contorta can grow on 
calcareous glacial deposits and on residual calcareous soils in areas 
of high precipitation,chemistry may be less of a factor than moisture 
*l6 availability. Is the type of clay really different on limestone 
soils? Does it affect plant distribution? What, if any, are the os­
motic effects on moisture availability presented by the abundant cal­
cium salts in limestone soils? 
Management Implications 
Due to the unique properties of soils derived from limestone 
bedrock, a special set of opportunities and limitations are presented 
^^Holdorf, personal communication. 
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to managers of land underlain by this substrate. As a result, differ­
ences in land msmapement decisions and practices may have to be applied 
on limestone compared to surroiinding non-limestone materials. Al­
though the evaluation of management practices on soils derived from 
limestone bedrock was not one of the objectives of this study, and ex­
tends beyond the evidence presented here, a brief discussion of the 
implications for the management of these soils has been included in 
order to synthesize the observations made by a variety of field re­
searchers. This discussion also makes available unpublished but re­
lated information and observations which could be useful to land man­
agers. The literature on the management of limestone soils is minimal. 
Management m€^ be affected in the following areas: timber, livestock, 
wildlife, and hydrology. 
Timber 
Pinus contorta is the most important timber species in the Big 
Horn Mountains of V^oming (Despain, 1973), in the Little Belt Mountains 
of Montana (Holdorf, personal commimication), and on the east slopes of 
Alberta (Ogilvie, 1961). It is also important in other parts of the 
northern and central Rocky Motmtains (Barrett, 1962). 
Since Pijoiw contorta is generally scarce on limestone suid since 
Pseudotsuga menziesii often forms the climax, silvicultural practices 
must be different in stands over this substrate than in those over 
other siirrounding materials. Due to the general droughty nature of 
the soils derived from limestone bedrock, caution must be used to avoid 
^''^Holdorf, personal communication. 
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opening the stands so that moistxire is conserved. Sheltervood cutting 
and mane^^ing for the climax Pseudotsuga would seem appropriate. The 
planting of Pinus contorta in these areas is obviously impractical. 
To avoid retarding or reversing succession and lowering productivity, 
clearcutting should not be practiced on these soils. 
Livestock 
In the natural condition, limestone soils may produce only 
fair foreige for livestock. However, as demonstrated in the Little 
Belt Mountains of Montana, when vegetation type conversions can be 
induced from timber to grasses, particuleurly to Festuca species, the 
1R potential for livestock grazing can be increased dramatically.-^ The 
high fertility and alkaline pH of these soils would encourage the 
establishment these grasses. 
Livestock range underlain by limestone has been observed in 
the western United States to be ready for grazing earlier than ranges 
on other parent materials due to the warmer nature of the soils 
derived from this rock type.^^ 
Celamagrostis rubescens, which dominated the understory of the 
limestone soils in this study, has been demonstrated to be readily ac­
cepted by cattle during the early summer resulting in a weight gain. 
jBy mid-August, however, when the species becomes unpalatable, the 
nutrient value declines and the cattle lose weight (McLean, 1967). 
Wildlife 
The high fertility of limestone-derived soils would probably 
1 R Holdorf, personal communication. 
^^Eddleman, personal communication. 
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tend to encovirage plant nutrition. However, many of the browse species 
are present only in limited quantities, if at all. On limestone sites 
in this study, there may be insufficient quantity to offset the highly 
nutritious quality. The only understory plant in sufficient quantities 
for forage is Calamagrostis rubescens. This species is generally un­
palatable and high in silica, but has been known to be eaten by elk 
?o when no other forage is available. 
Hydrology 
The permeability of the limestone bedrock can have sua important 
influence on stream hydrology. Stream flow is generally diminished suid 
water movement is below grovind level. This may lead to the lack of 
stock water on range lands on limestone soils and, thus, place a limita­
tion on the grazing of livestock.^^ 
The relative solubility of limestone rock may also influence the 
quality of water in nearby streams. As a result of the high fertility 
of limestone rocks, streams draining the land underlain by this sub­
strate support larger fish them corresponding streams draining water-
22 sheds underlain by other materials. 
PO Holdorf, personal communication. 
21 Holdorf, personal communication. 
^%ichard L. Koniezeski, Professor of Hydrology, University 
of Montana, Missoula, personal commxmication. 
CHAPTER V 
SUMMARY 
Soils derived from limestone, granitic, and quartzitic sub­
strates and the vegetation which they support were studied to deter­
mine and describe any differences in soil, Dlant, and stand charac­
teristics on limestone as compared to non-limestone materials. The 
study area, located in the Garnet Mountains near Garnet, Montana, 
lies between lU60 and 2090 meters above sea level. 
The study sites on these three types of soils were estab­
lished using a combination of elevation, aspect, and slope steep­
ness groupings. Vegetation was analyzed by determining the canopy 
coverage of each species at each plot while the soils were described 
according to standard soil survey procedures and analyzed for mois-
t\ire and nutrient levels. The Student's t and the analysis of variance 
tests were used to determine differences in species coversige and soil 
nutrient levels on each substrate. Index of Similarity ordinations 
were utilized to graphically represent the vegetation data. 
Soils derived from limestone substrates exhibited physical and 
chemical properties and supported plant communities which were quite 
distinctive from those on soils over non-limestone materials. Owing 
to the natxire of the limestone parent material, particularly with re­
heard to soil moisture and soil reaction, plant and soil characteristics 
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were, to a certain extent, predictable. 
In comparison to soils over granite and quartzite, those de­
rived from limestone were more calcareous and much more alkedine. 
They had significantly higher calcium and lower phosphate contents, 
higher permanent wilting percentages, finer texture, and a significant­
ly thinner organic horizon. Differences in clay mineralogy, soil mois­
ture, and other nutrient levels were also evident. These soil factors 
may have had a direct effect on the distribution of pleuits. 
On limestone soils, the overstory was composed almost exclu­
sively of Pseudotsuga menziesii. The distribution of Pjjius_ contorta 
was severely restricted except where soil moisture was high enough as 
a result of soil, topographic, or climatic inputs to compensate for 
the droughty nature of these soils. 
Shrubs, particularly those of the Ericaceae, provided negli­
gible cover in the plant commimities over limestone bedrock while 
forb and graminoid species were diverse and abundant. This situation 
was just the reverse on granite-derived soils. 
The differences in soils and plant communities caused by the 
limestone substrate indicated that special consideration should be 
given for management in the following areas: soils, timber, livestock, 
wildlife, and hydrology. 
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Appendix Al. Species coverage classes, topocraphy, and diag­
nostic soil horizons on plots underlain by limestone in the Garnet 
Mountains, Montana. 
Species 
Plot Dsf ji/::nation 
Mean South i PloDe North Slope 
L2 L3 L5 L6 L8 L9 LIO Lll L12 L13 LiU L15 Ll6 LIT Ll8 
TREilS* 
Abies lasiocarDa 
Larix occidentalis 
Picea enfrelmannii 
Pinus contorta 
Pinus monticola 
Pseudotsup:a menziesii 3/1 ^/1 
0/T 
Vl 
T/0 
k/1 3/1 2/1 5/2 h/1 5/1 3/T Vl 5/1 
+/0 
it/2 
+/0 
3/2 k/2 h/2 
SHRUBS 
Acer glabrum 
Alnus sinuata 
Amalanchier alnifolia 
Arctostaphylos uva-ursi 
Berberis repens 
Clematis colunbiana 
Juniperus communis 
Juniperus scopuloriam 
Linnaea borealis 
Lonicera utahensis 
Menziesia ferrue^inea 
Pachistima myrsinites 
Ribes lacustre 
Ribes viscosissinum 
Rubus parviflorus 
Sambucus cerulea 
Salix scouleriana 
Shepherdia canadensis 
Spirea betulifolia 
Syiaphoricarpos albus 
Vaccinium ^lobulare 
Vacciniun scoparium 
2 
2 
2 
1 
1 
T 
T 
T 
T 
T 
2 
2 
T 
T 
T 
1 
T 
T 
T 
1 
T 
1 
T 
1 
T 
T 
T 
1 2 
1 
1 
1 
T 
1 
T 
T 
+ 
T 
T 
T 
2 
T 
1 
T 
+ 
2 
T 
T 
T 
2 
T 
T 
1 
T 
1 
T 
T 
T 
T 
T 
1 
T 
T 
T 
+ 
T 
T 
T 
T 
T 
T 
T 
1 
T 
T 
T 
T 
T 
T 
+ 
T 
T 
T 
T 
FORBS 
Achillea millefolium T T T T T 1 T T T T 
Agastache urticifolia T T 
Allium cemuum T T T T 1 T T T T T 
Antennaria microphylla T T 
Antennaria negriecta T T 
Antennaria racemosa 1 T T T 2 3 T 3 2 1 2 
Arnica cordifolia 2 2 3 2 2 T 1 1 T 2 2 
Arnica latifolia T 1 3 3 3 1 k 2 1 2 
Aster conspicuus 1 T T 1 1 T 1 1 5 T T k 1 T 2 
Astragalus miser T 1 1 1 2 T 2 T T T 1 2 2 1 2 
Balsamorhiza sacittata T 2 T 
Calochortus nuttallii T T T T T 
Castilleja miniata T T 
Chimaphila umbellata T T T T T T T 
Cirsium vulgare T T 
Collinsia parviflora 
Crepis atribarba T T 
Disporura trachycarpun T T T 
Epilobium angustifoliiam T T 
Erigeron speciosus T T 
i^rigonium umbellatum T T 
Erythronium grandiflorum T T T T T T T T T 
Fragaria vesca 
Fragaria virginiana T T T T T T T T T T T T 
Geranium viscosissimun T T T T 
Goodyera oblongifolia T T T T 
Heuchera parvifolia T T T T 
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Appendix A1 (con't) 
Species 
Plot D? si sanation 
South Slope 
lFTTFTLTITc L9 
North SloDe 
LIO 111 Ll?t L13|Llh L15 Ll6 LlTl Ll8 
Mean 
Ilieraclum albifloruir. 
Kieracium cynoc^lossoides 
Ilydropbylluin capitatum 
Lithosperrauin ruderale 
Lupinus ar/3^enteus 
Lupinus laxiflorus 
Osnorhiza chilensis 
Pedicularis bracteosa 
Pedicularis contorta 
Pedicularis racenosa 
Penstemon rydbergii 
Pensteraon vilcoxii 
Pyrola asarifolia 
Pyrola secunda 
Sedum stenopetalum 
Senecio canus 
Smilacina racemosa 
Snilacina stellata 
Stenanthium occidentale 
Thalictrujn occidentale 
I'rifolium repens 
Valeriana dioica 
Viola orbiculata 
Xerophyllum tenax 
GRAMIWOIDS 
Agropyron spicatuin 
Calamagrostis rubescens 
Carex concinnoides 
Carex geyeri 
Festuca occidentalis 
Stipa occidentalis 
TOPOGRAPHY 
Elevation (meters) 
Aspect (des^rees) 
Slope (percent) 
Diagnostic soil 
horizons 
l8l40tl800fL870 
Uow 
1T85 
S10FpU5E^10I^' 
Ih 
01 
A1 
B2c 
Cca 
17751885 
9 
01 
A1 
B2c 
Cca 
2k  
01 
A1 
B2c 
Cca 
22 
01 
A1 
B2c 
Cca 
dues 
3h 
01 
A1 
B2c 
Cca 
310E 
k2  
01 
A1 
Cca 
1620 
NUOE 
17 
01 
A1 
Cca 
i^iuel. 
k  
01 
A1 
B2c 
Cca 
1880 
:a5v.' 
15 
01 
A1 
B2c 
Cca 
161+0 
;;30Et' 
29 
01 
A1 
B2c 
Cca 
L7^0 
i204< 
26 
01 
A1 
B2c 
Cca 
I8R5 
15HJ: 
23 
01 
A1 
Cca 
165 
154^ 
k6  
01 
A1 
B2c 
Cca 
5117^0 le 
:a0W[i20E 
36 
01 
A1 
B2c 
Cca 
• Tree coveras^e classes denoted by: 
portion greater than 10 centimeters/portion 0 to 10 centimeters D.3.H. 
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Appendix A2. !f?pecies coverasre classes, toDO^^raphy, and diag­
nostic soil horizons on plots underlain by f^ranite in the Garnet Moun­
tains, Montana. 
Plot Desipmation 
Species South Slooe North Slope Mean 
02' g3 g5 g6 08 09 010 Oil 012 013 Olii 015 Ol6 017 018 
TREE3* 
Abies lasiocarpa 3/3 1/2 +/T 1/2 1/2 1/1 1/3 2/2 +/t 0/1 h/2  0/T 0/1 1/1 
Larix occidentalis 0/T 2/2 2/1 3/0 + /3 1/1 
Picea en^^elraannii 0/T 0/1 1/0 0/2 T/1 
Pinus contorta 2/T 3/3 3/1 2/3 2/1 2/2 2 /h  3/1 h/3  +/2 3/3 1/0 1/U 3/3 2/T 2/2 
Pinus monticola 
Pseudotsuga menziesii 2/T 1/2 2/T 2/0 3/2 2/2 2/1 1/T 2/3 3/1 1/1 2/3 2/3 3/1 2/1 
SHRUBS 
Acer f!:labrura 
Alnus sinuata 2 2 2 T 1 1 
Amalanchier alnifolia T T T 
Arctostaphylos uva-ursi 1 1 T 1 1 1 2 T 1 3 2 3 1 T 1 
Berberis repens 1 T T 
Clematis coluinbiana 
Jimiperus communis T T T 2 T 1 2 1 
Jiiniperus scopulorura 
Linnaea borealis 3 3 T 2 T 3 k  1 2 2 2 1 2 2 2 
Lonicera utahensis 1 T T 1 T T T T T 
Menziesia ferru^inea 2 T + 1 
Pachistiina inyrsinites 
Ribes lacustre 
Ribes viscosissimum 
Rubus parviflorus T T 
Sambucus cerulea T T 
Salix scouleriana T T 
Shepherdia canadensis T 1 2 T 2 1 
Spirea betulifolia T •T t t 1 T T T T 1 2 1 
Symphoricarpos albus 
Vaccinium globulare 2 1 2 3 2 3 2 2 k  3 2 1 T 3 2 2 
Vaccinium scoparium 2 3 3 k  3 k  h  T k  1 3 3 3 3 
FORBS 
Achillea millefolium 
Agastache urticifolia 
Allium cemuum 
Anteimaria microphylla 
Antennaria ne^^lecta 
Antennaria raceriosa T T T T T T 1 T T T T 
Arnica cordifolia T T 2 1 1 
Arnica latifolia T 1 1 T 2 1 1 2 2 1 T 3 1 
Aster conspicuus T T T 
Astragalus miser T 3 1 1 
Balsaunorhiza sac^ittata 
Calochortus nuttallii 
Castilleja miniata T T 
Chimaphila umbellata T 1 T T T T T T T T 1 1 1 1 
Cirsium vulgare 
Collinsia parviflora 
Crepis atribarba 
Disporum trachycarpum 
Epilobium angustifolium T T T T 
Erigeron speciosus 
Krigonium umbellatura 
Krythroniura grandiflorum 
Fragaria vesca 
Fragaria virginiana T T T T 
Geranium viscosissimum 
Goodyera oblonfjrifolia T T T T T T T 1 T 
Heuchera parvifolia T T 
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Appendix A2 (con't) 
Species 
Plot De si (^nation 
South Slone North Slope 
G2 G3 G5 Go G3 GIO Gil G12 G13 Ih G15 016 
Mean 
Hieracium alhiflorum 
Hieracium cynof3:lossoides 
I^ydrophyllura capitatum 
Lithospermun ruderale 
Lupinus aTRienteus 
Lupinus laxiflorus 
Osmorhiza chilensis 
Pedicularis bracteosa 
Pedicularis contorta 
Pedicularis racemosa 
Penstemon rydbergii 
Penstemon vilcoxii 
Pyrola asarifolia 
Pyrola secimda 
Sedum stenopetaliim 
Senecio canus 
Smilacina racemosa 
Smilacina stellata 
Stenanthium occidentale 
Thalictrura occidentale 
Trifolium repens 
Valeriana dioica 
Viola orbiculata 
Xerophyll-um tenax 
GRAMIIIOIDS 
Agropyron spicatura 
Calamagrostis rubescens 
Carex concinnoides 
Carex geyeri 
Festuca occidentalis 
Stipa occidentalis 
TOPOGRAPHY 
Elevation (meters) 
Aspect (degrees) 
Slope (percent) 
Diagnostic soil 
horizons 
18201885 
sUowj 
t 
01 
Birl 
C 
^l^OW 
6 
01 
A1 
C 
1890 18201880 1800 
-jp05VJpU0\V^l+0W(j 
29 
01 
Birl 
C 
lOE 
38 
01 
A1 
C 
1605 
i^iowpi; 
13 
01 
A1 
c 
1820 
low^r 
9 
01 
Bir 
C 
i860 
15W 
8 
01 
A1 
C 
L615 
iueN 
21 
01 
Bir 
A2 
C 
L820 
22 
01 
A2 
B2c 
C 
1890 
io4: 
19 
01 
Bir 
A2 
C 
1790 L6OO 
-nov7fA5^^aoE 
31 
01 
Bir 
C 
* Tree coverage classes denoted by; 
portion greater than 10 centimeters/portion 0 to 10 centimeters D.B.H. 
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Appendix A3. Species covera/^e classes, topop;raphy, and diag­
nostic soil horizons on plots underlain by quartzite in the Garnet 
Mountains, Montana. 
Plot Designation 
Species South Slope North Slope Mean 
Q2 Q3 Q5 Q6 0.8 Q9 QIO (111  qi2 Q13 QlU Q15 Ql6 0,17 Ql8 
TREES* 
Abies lasiocarpa 0/1 +/T  2/T 1/2 1/2 1/1 1/2 +/1 1/1 
Larix occidentalis T/T +/0 T/T 
Picea enfjjelnannii 0/T 1/T 2/2 1/1 
Pinus contorta 3/3 2 /1  2/T 0/2 2/1 T/0 T/0 2/1 2/2 1/0 +/+ 2/2 2/2 2/2 
Pinus monticola 0/T 0/T 
Pseudotsuga menziesii 1/3 2/3 2/1 2/2 2/3 3/1 3/2 3/1 1/2 k /2  2/2 3/2 2/2 3 /h  3/1 3/2 
SHRUBS 
Acer glabrum 
Alnus sinuata 1 + T 
Amalanchier alnifolia T T T T T 
Arctostaphylos uva-ursi 1 T T 1 1 1 1 T T 1 1 
Berber!s repens T T 2 T T 1 1 
Clematis columbiana T T T 
Juniperus comraimis 1 T T T 
Juniperus scopulorum 
Linnaea borealis 1 2 T T T T 1 
Lonicera utaiiensis T 1 T T 1 + T T 
Menziesia ferru^inea 2 2 1 
Pachistima myrsinites 1 T T T T 
Ribes lacustre 
Ribes viscosissimum T T T 
Rubus parviflorus 
Saiabucus cerulea 
Salix scouleriana + T T T + T 
Shepherdia canadensis + T T 
Spirea betulifolia T T T T T T T m i. 
Symphoricarpos albus 1 3 1 
Vaccinium globulare k  3 1 U 2 1 2 3 5 1 U h  2 2 3 3 
Vacciniura scoparium 3 + 1 2 3 k  3 1 2 
FORBS 
Achillea millefolium T T T T T T T T 
Agastache urticifolia 
Allium cernuum 
Antennaria microphylla T T 
Antennaria neglecta 
Antennaria racemosa 1 T 2 T 1 T 1 T T 1 T 1 1 
Arnica cordifolia T 1 1 3 1 1 
Arnica latifolia 1 3 2 3 1 3 1 2 1 1  2 2 2 
Aster conspicuus T 1 1 T 1 2 1 1 
Astra^^alus miser T 1 T T T 
Balsamorhiza sa«3:ittata 
Calochortus nuttallii T T T T 
Castilleja miniata 
Chimaphila umbellata 1 T T T T 1 T T 1 1 1 1 
Cirsium vuls^are 
Collinsia parviflora T T T 
Crepis atribarba 
Disporum trachycarpum 
Epilobium anp-ustifolium T T 
Erit^eron speciosus 
£rip:onium umbellatum 
Erythronium grandiflorum 1 T 2 1 T T T 1 
Frap;aria vesca T T T T T 
Fragaria virp:iniana T T 1 T T T T 
Geranium viscosissimum 
Goody era oblonp;i folia T T T T T T T T 
Heuchera parvifolia T T T 
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Appendix A3 (con't) 
Species 
Plot Desljjnation 
South SloDe 
Q2 Q3 Q5 
North Slope 
:^io 0.11 ^.12 013 Olh 017 
Mean 
Rieraciun albiflorura 
Hieracium cynoailossoides 
Kydrophylliim caDitatura 
Lithospermum ruderale 
Lupinus arcentus 
Lupinus laxiflorus 
Osniorhiza chilensis 
Pedicularis bracteosa 
Pedicularis contorta 
Pedicularis racemosa 
Pensten^on rydberfrii 
Penstenon wilcoxii 
Pyrola asarifolia 
Pyrola secunda 
Sedum stenopetalun 
Senecio canus 
Snilacina racemosa 
Snilacina stellata 
Stenanthium occidentale 
Thalictrum occidentale 
Trifolium repens 
Valeriana dioica 
Viola orbiculata 
XerophylluH tenax 
GRAMI:^OIDS 
Agropyron spicatum 
Calamagrostis rubescens 
Carex concinnoides 
Carex geyeri 
Festuca occidentalis 
Stipa occidentalis 
TOPOGFAPHY 
Elevation (raeters) 
Aspect {decrees) 
Slope (percent) 
Diagnostic soil 
horizons 
17UC 
S30Vi 
8 
01 
A2 
B2c 
C 
195! 
13 
01 
A1 
C 
51' .720 
•JSlOV 
22 
01 
A2 
B2cl 
C 
1930)1730 
.'3U5^ 
17 
01 
A2 
B2c 
C 
1875 
320T;330W 
1^2 
01 
A2 
B2c 
C 
l6U0 
NIO!-
13 
01 
A1 
C 
L690H9501665 
fI30I|l20T4aOHr^ 
lU 
01 
A1 
C 
1 
01 
A2 
B2c 
C 
1.805 
19  
01 
Bir 
C 
tL88 
35E 
21 
01 
Bir 
C 
5[L620 
nov i  
39 
01 
A1 
C 
1805 1855 
mwlOE 
31 
01 
Birl 
C 
* Tree coverac:e classes denoted by: 
portion pfreater than 10 centimeters/portion 0 to 10 centimeters D.B.H, 
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Appendix B. Constancy and (average coverage percent) of all 
species found on soils derived from limestone, granite, and quartzite 
in the Gaimet Mountains, Montana. 
Species Limestone Granite Quartzite 
TREES (6) 
Abies lasiocarpa (overstory) 0( 0) 5( 9) 3( 2) 
Abies lasiocarpa (xinderstory) K 0) 9(11) 5( i^) 
Larix occidentalis (overstory) 0( 0) 3( 5) K 0) 
Larix occidentalis (understory) 0( 0) M h) K 0) 
Picea engelmannii (overstoiy) 0( 0) K 0) K 1) 
Picea engelmannii (understoiy) 0( 0) 2( 1) 2( 1) 
Pinus contorta (overstory) K 0) 9(23) 7(10) 
Pinus contorta (understory) 0( 0) 9(20) 6( 7) 
Pinus monticola 0( 0) 0( 0) K 0) 
Pseudotsuga menziesii (over.) 10(57) 9(16) 10(26) 
Pseudotsuga menziesii (under.) 10( 6) 9(11) 10(19) 
SHRUBS (22) 
Acer glabrum 1( 0) 0( 0) 0( 0) 
Alnus sinuata 0( 0) 5( 3) i( 0) 
Amalanchier alnifolia 5( 0) K 0) 3( 0) 
Arctostaphylos uva-ursi 1( 0) 5( 8) 7( 1) 
Berberis repens 10( 5) K 0) hi 1) 
Clematis Columbiana 2( 0) 0( 0) K 0) 
Juniperus communis 2( 0) 5( 2) 2( 0) 
Juniperus scopulorum K 0) 0( 0) 0( 0) 
Linnaea borealis 3( 1) 9(18) hi 1) 
Lonicera utahensis hi 0) 5( 1) hi 1) 
Menziesia ferruginea 0( 0) K 1) 1{ 2) 
Pachistima myrsinites 1( 0) 0( 0) hi 0) 
Ribes lactistre 0( 0) T( 0) 0( 0) 
Ribes viscosissimum 3( 0) 0( 0) K 0) 
Rubus parviflorus 0( 0) i( 0) 0( 0) 
Sambucus cerulea 0( 0) 0( 0) T( 0) 
Salix scouleriana 0( 0) 2( 0) 2( 0) 
Shepherdia canadensis 0( 0) 3( 2) 1( 0) 
Spirea betulifolia 6( 1) 7( 2) 5( 0) 
Symphoricarpos albus 6( M 0( 0) 1( 3) 
Vaccinium globulare 1( 1) 10(22) 10(3lt) 
Vaccinium scoparium 0( 0) 9(33) 5(13) 
FORBS (51) 
Achillea millefolium 6( 0) 0( 0) 5( 0) 
Agastache urticifolia i( 0) 0( 0) 0( 0) 
Allium cemuum 6( 0) 0( 0) 0( 0) 
Antennaria microphylla i( 0) 0( 0) K 0) 
Antennaria neglecta 1( 0) 0( 0) 1( 0) 
Antennaria racemosa 7( 7) 7( 1) 8( 2) 
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Appendix B (con't) 
Species Limestone Granite Quartzite 
Arnica cordifolia 7( 8) 3( 1) 3( 3) 
Arnica latifolia 6(13) 8( 7) 8(12) 
Aster conspicuus 9(11) 2( 0) 5( 2) 
Astragalus miser 9( 5) 3( 3) 3( 0) 
Balsamorhiza sagittata 1( 1) 0( 0) 0( 0) 
Calochortus nuttallii 3( 0) 0( 0) 2( 0) 
Castilleja miniata K 0) 1( 0) 0( 0) 
Chimaphlla umbellata U( 0) 9( 1) 7( 1) 
Cirsium vulgare 1( 0) 0( 0) 0( 0) 
Collinsia psurviflora 0( 0) 0( 0) 1( 0) 
Crepis atribarba 1( 0) 0( 0) 0( 0) 
Dispojrum trachycarpum 1( 0) 0( 0) 0( 0) 
Epilobium angustifolium 1( 0) 2( 0) 1( 0) 
Erigeron speciosus 1( 0) 0( 0) 0( 0) 
Erigonium mbellatum 1( 0) 0( 0) 0( 0) 
Erythronium grandiflorxun 5( 0) 0( 0) 5( 1) 
Fragaria vesca 0( 0) 0( 0) 3( 0) 
Pragaria virginiana 7( 0) 2( 0) k{ 0) 
Geranium viscosissimvon 2( 0) 0( 0) 0( 0) 
Goodyera oblongifolia 2( 0) 5( 0) 5( 0) 
Heuchera peunrifolia 2( 0) 1( 0) 1{ 0) 
Hieracium albiflortun 1( 0) 5( 0) 6( 0) 
Kieracixan cynoglossoides 2( 0) 0( 0) 1( 0) 
I^ydrophyllum capitatua 1( 0) 0( 0) 0( 0) 
Lithospermum ruderale 3( 0) 0( 0) 0( 0) 
Lupinus argenteus 1( 0) 1( 1) 0( 0) 
Lupinus IstJciflorus 5( 1) 0( 0) M 7) 
Osmorhiza chilensis 9( 0) 0( 0) 3( 0) 
Pedicularis bracteosa 3( 0) 0( 0) 2{ 0) 
Pedicularis contorta 1( 0) 3( 0) 2( 0) 
Pediculsuris racemosa 1( 0) 0( 0) H 0) 
Penstemcn rydbergii 3( 0) 0( 0) 1( 0) 
Penstemon wilcoxii 3( 0) 1( 0) 2( 0) 
Pyrola asarifolia 1( 0) 0( 0) 1( 0) 
fSrola secxmda 1( 0) 3( 0) 1( 0) 
Sedum stenopetalum 3( 0) 0( 0) 1( 0) 
Senecio canus 1( 0) 0( 0) 1( 0) 
Smilacina racemosa 5( 0) 0( 0) 1( 0) 
Smilacina stellata 1( 0) 0( 0) 0( 0) 
Stenanthium occidentale U( 0) 1( 0) 2( 0) 
Thalictrum occidentale 7( 8) 3( 0) 5( 1) 
Trifolitun repens 1( 0) 0( 0) 1( 0) 
Valeriana dioica 7( 1) 0( 0) 1( 0) 
Viola orbiculata 1( 0) 2( 0) 1( 0) 
XerophylliMtt teneuc 2( 0) 9(21) 7(19) 
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Appendix B (con't) 
Species Limestone Granite Quartzite 
GRAMINOIDS (6) 
Agropyron spicatm K 0) o( 0) 0( 0) 
Calamagrostls rubescens 8(1»3) 8( 5) 7(29) 
Carex concinnoides 3( 0) 7( 2) 5( 1) 
Ceurex geyeri 7( 3) 5( 1) 5( 1) 
Festuca occidentalis M 0) K 0) 3( 0) 
Stipa occident«J.i8 1( 0) 0( 0) 0( 0) 
Code to constancy values: O=not 
3»25-355?; 5=^5-55^; 6=55-65^; 
10=95-100^. (Canopy coveraf?e expressed 
present; T»0-5^; 1=5-15^; 2=15-25??; 
7»65-75^, 8=75-85^; 9»85-95^; 
to the nearest percent.) 
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Appendix C. Nutrient content of extractable elements and phos­
phate by depth and aspect in soils derived from limestone, granite, «md 
queurtzite in the Garnet Moxuitains, Montana. 
Depth Concentration { / ig/g) 
(cm.) Ca Na K Mg Mn Fe Cu Zn POi^ 
LIMESTOHE - South Slope 
0-10 10000 352 295 72 3.5 3.0 l.it 0.6 22 
Duplicate 10000 380 293 72 3.2 2.k 1.2 O.U 18 
10-20 9600 380 265 78 2.8 3.6 1.5 0.6 21 
Duplicate 9600 312 275 78 2.5 2.k 2.0 O.U 39 
20-30 10000 380 2k8 6k 2.8 3.0 1.8 0.8 28 
Duplicate 10000 3l»0 230 61 3.0 3.0 2.1 0.5 11 
30-1^0 9600 328 175 50 3.0 2.5 2.0 0.6 21 
DuTJlicate 10000 352 185 52 2.5 2.k 1.6 0.5 k2 
1^0-50 11600 328 185 5H 2.8 3.0 2.6 1.1 12 
Duplicate 10000 3U0 183 52 2.0 3.0 2.5 O.U 15 
LIMESTONE - North Slope 
0-10 7000 k20 1»85 120 10.0 k.O 2.k 0.8 28 
Duplicate 6600 380 505 122 7.8 i».o 2.1 O.Jt 56 
10-20 8000 k32 380 9k 3.5 6.k 1.8 0.6 53 
Duplicate 81»00 k20 355 9k 2.8 5.6 1.7 O.U 35 
GRANITE - South S] 
0-10 196 kk 1U8 68 38.5 5.6 1.6 1.0 175 
Duplicate 22k 3U0 160 52 U0.5 5.6 2.1 0.7 179 
10-20 156 312 170 58 U.8 2.0 2.0 0.6 191 
Duplicate l68 160 175 59 5.0 2.0 1.2 O.lt 20k 
20-30 16U 352 160 52 2.5 5.0 1.6 0.5 295 
Duplicate 176 k08 170 53 2.5 2.0 2.5 0.3 260 
30-ltO 170 h32 115 5k 3.2 1.6 1.8 0.5 lUO 
Duplicate 19U 300 120 56 3.8 O.U 2.0 o.i» ll»0 
ltO-50 20U 392 102 68 2.2 1.6 1.3 O.U 215 
Duplicate 228 260 112 7l^ 2.8 1.6 2.3 O.U 20lt 
GRANITE - North S] Lope 
0-10 120 208 180 21 35.2 11.6 1.2 1.2 186 
Duplicate 128 Uoo 175 22 k2.B 9.6 1.5 0.8 179 
10-20 2l6 Uoo 192 3k k.O U.U 2.0 O.U 61 
Duplicate 22^^ 328 180 36 k.2 U.O 1.5 0.5 67 
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Appendix C (con't) 
Depth Concentration C^g/g) 
(cm.) Ca Na K Mg Mn Pe Cu Zn POi^ 
QUARTZITE - South Slope 
0-10 1*56 3U0 195 80 18.2 3.0 2.1 0.6 133 
Duplicate 1»60 192 190 80 17.5 1.8 1.2 O.k 133 
10-20 380 320 205 77 U.2 U.O 1.6 0.5 172 
Duplicate 396 IJOO 207 79 U.2 U.O 1.2 0.3 179 
20-30 ItOO 528 2U0 78 3.2 3.0 1.6 O.k 186 
Duplicate lj2U 392 255 79 3.0 2.k 1.7 O.U 186 
30-l»0 U30 1^60 208 81 3.0 3.0 l.U 0.6 203 
Duplicate 1»70 3t»0 228 81* 3.0 2.k 1.6 0.3 21k 
UO-50 kSU 380 208 85 5.2 3.6 1.2 O.Jt 151 
Duplicate lt88 ItOO 21k 89 5.8 2.1» 3.6 O.k 138 
QUARTZITE r- North Slope 
0-10 256 ItBo 328 52 200.0 21.0 l .h 1.6 102 
Duplicate 276 392 268 53 190.0 18.U 1.7 1.5 85 
10-20 160 232 208 50 IH.5 11.0 l.U 0.8 56 
Duplicate 2l»0 320 212 51 13.8 9.0 1.5 0.6 50 
113 
ADpendix Dl. Basal area and site index for five tree species on 
plots underlain by limestone in the Garnet Mountains, Montana. 
Plot Desifl:nation 
Species South Slope North Slope Mean 
L2 L3 L5 i l o  llol lll li2 L13 lll. L15 li6 L17 li8 
BASAL-AREA - fixed plot (square meters/hectare) 
Abies lasiocarpa 
Larix occidentalis 
Picea engelnannii 
Pinus contorta 
Pseudotsuga menziesii 17 38 17 28 16 13 1+0 32 36 20 39 k5 28 19 36 28 
TOTAL 17 38 17 28 l6 13 ko 32 36 20 39 k5 28 19 36 28 
BASAL AREA - variable plot (square meters/hectare) 
Abies lasiocarpa 
Larix occidentalis 
Picea enff:elrasLnnii 
Pinus contorta 
Pseudotsuga menziesii 28 55 23 h6 Ik lU 51 32 69 32 51 6k 37 37 Ui 39 
TOTAL 28 55 23 kS Ik Ik 51 32 69 32 51 Sk 37 37 Ui 39 
SITE IIJDEX 
Abies lasiocarpa 
Larix occidentalis 
Picea engelmannii 
Pinus contorta 
Pseudotsuga menziesii 51 U8 55 ko k5 50 57 i15 55 55 50 55 u7 60 51 
llU 
Appendix D2. Based area and site index for five tree species on 
plots underlain by c:ranite in the Garnet Mountains, Montana. 
Plot Desiscnation 
Species South Slope ^lorth Slope Mean 
G2 G3 G5 c
o o
 
o
 G9 c.io] Gil G12 :GI3 GIL |G15|Gl6|G17lGl8 
BASAL AREA - fixed plot (square meters/hectare) 
Abies lasiocarpa 10 1 1 1 14 7 0 19 3 
Larix occidentalis 8 2 10 2 
Picea ent^elraannii 0 2 0 
Pinus contorta Ih 13 22 8 13 3 3 17 2k 1 13 k 0 10 7 10 
Pseudotsuga menziesii 3 6 10 10 19 k 8 0 8 20 3 5 10 31 9 
TOTAL 2h l6 28 19 2h 23 19 32 26 19 33 28 5 20 38 2k 
BASAL AREA - variable plot (square meters/hectare) 
Abies lasiocarpa 32 5 23 k 
Lairix occidentalis 5 23 2 
Picea engelmannii 
Pinus contorta Ik 23 37 9 Ul 5 18 9 23 k6 9 18 9 19 
Pseudotsuga menziesii 5 5 9 23 5 5 9 18 5 5 18 37 9 
TOTAL U6 28 h2 18 Ul 33 28 llf 23 32 6k 28 Ik 36 k6 3k 
SITE IlfDEX 
Abies lasiocarpa ho 30 50 30 50 
Larix occidentalis 50 35 k5 
Picea enfijelmannii 
Pinus contorta 55 35 35 1;0 50 35 30 U5 35 30 k5 30 30 1+0 
Pseudotsuga menziesii 25 h5 31 1+1 30 50 60 50 ko 31 kl 55 
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Appendix D3. Basal area and site Index for five tree srsecies on 
plots underlain by quartzite in the Garnet Mountains, Montana. 
Plot Desiccnation 
Species South Slope u'orth Slope Mean 
Q2 Q3 05 1 06) 08 1 09 010 Oil 012 i 013]Oil10151Ol61QIT1Ql8 
BASAL AREA - fixed plot (square meters/hectare) 
Abies lasiocarpa 1 2 1 . 1 0 0 
Larix occidentalis 0 0 
Picea en^elnannii 2 1 0 
Pinus contorta 6 6 11 6 11 0 1 8 8 3 5 U 5 
Pseudotsu/^a menziesii 2 13 18 15 10 3k 21 32 1 38 15 16 16 12 28 18 
TOTAL 8 19 30 21 21 3k 21 33 11 38 21+ 20 l6 19 33 23 
BASAL AREA - variable plot (square meters/hectare) 
Abies lasiocarpa 5 5 1 
Larix occidentalis 
Picea engelmannii 5 0 
Pinus contorta 3 9 5 5 9 9 9 9 k 
Pseudotsuf^a menziesii 1 Ik 23 23 Ik 55 1+1 3T 55 9 23 lU 23 32 2k 
TOTAL U 23 33 28 23 55 kl 37 lU 55 18 23 Ik 37 32 29 
SITE INDEX 
Abies lasiocarpa h 20 30 20 
Larix occidentalis 
Picea engelmannii ko 20 
Pinus contorta uo 25 50 UO 30 30 IiO 30 ko ko 
Pseudotsuga menziesii i+O 25 50 35 k5 60 h5 he 20 58 55 ko ko 55 50 kk 
